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By Fraunk Tobin

Knowing what to buy and why is

shopping, and the key to

HOULD vou ask a radio-parts salesman

for a “double-o-one-mike condenser,” he
could put out a counterful of parts—all dif-
ferent, vet all .001-mfd. capacitors. “Which
do vou want?” he might ask. “Paper, mica, or
ceramic—and what voltage and tolerance?”

It vour first impulse is to say that it makes
no difference so long as the capacity is right,
you've probably never scen the wax melt
out of a paper condenser used where a mica
should have been. Sometimes, to be sure,
identically rated parts mav be used inter-
changeubly. But don’t overlook the many
cases where an improper part may cause a
short, burnout, or open circuit, or simply
become defective in a hurry.,

Some of the things that are worth know-
ing about condensers, coils, resistors, output
transformers, and tubes are dealt with in
this article. You may find them helpful next
time you shop for radio parts.

Condensers—Fixed and Variable

Mica condensers (Fig. 1) are casily recog-
nized by their molded-plastic cases. They
are commonly used in by-pass and coupling
circuits and as grid condensers in grid-leak
detectors. Their working-voltage rating is
generally about 500 volts DC but the cases
are rarely marked. Mica condensers are used
mostly at high frequencics, and therefore ca-
pacities are low, ranging from about 50 mmf.
to 6,000 mmf. (.006 mfd.). Youll find micas
in demand wherever low capacities with

the first step to successful

building electronic gadgets that work.

Jlow loss at high frequencies are required.,

Incidentally, in case condenser arithmetic
has vou stumped, the busic unit of capacity
is the farad. As radio components go, this
it is enormous, so it’s divided by a million.
This gives the microfarad (mfd.) and can he
expressed as 000001 farad, (one millionth
farad) but would normally be written T mfd.
Even that's big in radio work, so the micro-
farad is further divided by a million to give
the micromicrofarad (mmf.) which can be
written 000001 mid. or, more simply, 1
mmf. To translate mfd. to mmf., simpl-
move the Jecimal six places to the right (in
cffect, multiply by a million). Thus 0001
mfd. is the same as 100 mmf.. and 005 mfd.
becomes 5000 mmf.

One of the war-developed eeramic capaci-
tors will often do when specifications call for
mica. Ceramics have high stabilitv and com-
pactness; thev come in the form of small
disks or tiny cyvlinders resembling fixed re-
sistors (Fig. 1). They are also primarily for
use in radio-frequency (RF) circuits,

Paper condensers can be found in every
stage of a modern receiver. They have such
varied functions as hy-passing stray signal
voltages, coupling two stages. bass boosting
(in tone-control circuits), and filtering in
certain rectifier applications,

Working voltages are usually indicated for
paper condensers, and it is important that
the rating be adequate. When in doubt al-
wavs take a larger voltage. In AC-DC or
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battery-operated receivers a condenser rated
at 400 volts allows a safe margin. You might
get by with these even in an AC set or
amplifier that delivers 250 to 350 volts of
B plus, but a few pennies more can buy
greater safety in the form of 600-volt con-
densers. Sometimes heat generated by tubes
may melt the wax in which a condenser is
sealed. Where this seems likely, try to get
capacitors sealed in plastic,

There is still another type of fixed con-
denser that crops up in practically every

piece of radio or electronic equipment—the
electrolytic. This is used in all filter circuits
and in many special applications. Electro-
lytic condensers come in aluminum cans or
cardboard containers. In order to save space
(and cost), two or more units are often put
in one container with separate leads brought
out. A single can containing two units is
called a dual electrolytic; multiple electro-
lytics with up to four sections are common.
Polarity must be observed for electrolytics,
so make sure the leads are color-coded or
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otherwise marked. Standard codes use red
for the positive and black for the negative
terminals.

Fixed condensers sometimes vary from
rated value by as much as 20 percent plus
or minus. Except for test equipment or the
like vou can usually allow an extra margin
of up to 20 percent when vou can’t find a
condenser of the right size. If the parts list
calls for .005 mfd., you can get by with .006
or .004 mfd. But for very exacting equip-
ment it is frequently wise to pay more for
condensers guaranteed within 5 percent of
stated capacity,

The variable condensers used for tuning
short-wave or broadcast receivers are usually
00014 mfd, (140 munf.) or .000363 mfd.
(365 mmf.). They're available cither as
single units or ganged into two or three sec-
tions. The tvpe to buy depends on the num-
ber of tuned circuits in the set. Ganging
of two condensers of unequal size is common
in superhets to tune the antenna and the
oscillator circutts to different frequencies.

Experimenters almost always find it wise
to purchase variable condensers with built-in
trimmers. These are sandwiches of metal

TONE CONTROL.
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and mica (Fig. 2). A setscrew squeezes the
metal plates more tightly when vou have to
increase capacity, or relieves the pressure
to reduce capacitv. Fig. 3 shows trimmers
mounted directly above the variable plates.
Trimmers are built into most IF trans-
formers to enable vou to make minor adjust-
ments. They also come separatelv for use
in coupling an antenua to an antema coil,
as padders in oscillator circuits, and even as
tuning condensers in midget reccivers,

Coils

Coils constitute another large and often
bewildering category to the man who sets
out to buy radio parts. Under this head you
will find plug-in, antenna, RF, oscillator, and
I transformer coils. Some are shielded,
some aren’t.

Plug-in coils, found in simple crvstal and
regenerative receivers, are generally sold in
matched sets to cover broadcast and short-
wave bands. In most cases the tuning con-
denser is of 140-mmf. capacity. Four-prong
coils are used when the circuit calls for two
windings, while six-prong coils are needed
for three windings.




Antenna and RF coils e cmploved in
small TRE veceivers. They are available
cither shiclded or unshiclded. \When using
unshiclded coils, it is best to mount the an-
tenna coil above the chassis and the RE coil
underncath so the chassis will serve as a
shield. Wherever it is necessary to mount
Al coils onone side of the chassis, or where
there's more than one tuned BRI stage, only
shiclded wmits should be nsed. o buying
receiver coils, ask for a matched set. This
will assure accurate ganging hetween coils
as well as with the condensers.

Most superheterodyne cireuits call for an
antenna coil. and they alwavs require an
oscillator coil. and at least two intermediate-
trequeney (IF)Y transformers. Shielding
problems are the saume as in the TRIT set.
In the lower foreaground ol Figo 4 an un-
shielded oscillator coil is monnted under-
neath the chassis,

The transtormers used to couple TF stages
are basically coils tuned to a fixed frequency
—in broadcast receivers 436 ke They are in
aluminum cans (Fig. 5 shows one ent away)
with lugs, clips, or feet by which they cn
be mounted.

Some ¥ transformers are bronght to peak
frequency by trimmers, and some by adjust-
ing an iron core. The latter respond over
a much broader tuning range and are there-
fore casicr to align without a signal gencerator.

One final point to bear in mind when
buving coils: I vou are building a receiver
with only a single stage of RE or TE, vou
need maximum amplification in cach stage.
You will get this plus greater selectivity by
using coils with iron cores.

Fixed and Variable Resistors

You'd have to look hard for an electronic
circuit that doesn’t use a fixed or variable

resistor of some kind. Fixed carbou resistors
constitute the bulk of all resistance wnits,
They are inexpensive, reasonably accurate,
and come ina farge variety of sizes and rat-
ings. Some are encased in plastic, which
mikes them impervious to moisture and less
likely' to short against other components.
Uninsulated resistors (Fig, 6) dissipate heat
alittle more readily but shouldn’t be used
in cramped quarters,

A fixed resistors are rated in olans (the
unit of resistance) and watts (auoerent rat-
ing) . As with voltage ratings in condensers,
a lrger wattage is saler when there’s doubt.

IFor AC-DC and aplifiers,
Newatt units are generally adequate in the
control-grid cirenits of amplifier tubes. Plate
and  sereen circuits shonld  get T-watt re-
sistors, and cathode and filter circnits 2 watts
or more.  Batteryv-operated  equipmient can
cenerallv get by with ratings halt as large.

Wire-wonnd resistors are employed where
current drain is hich and where stability and
accuracy  are  paramount.  On adjustable
wire-wound resistors part of the winding is
lett bare so that a movable metal band can
tap off any resistance between zero and the
naximun,

Variable resistors, now found chicfly i
the torm of potentiometers, have a fixed car-
hon or wire-wound element and @ moving
contact turned by a shaft. If vou want re-
sistunce to increase evenly in proportion to
shatt movement. specify a linear-taper pot.
Because of tube characteristies, nonlinear
pots usnally give more gradual control over
volume, tone, and bias. In logarithmic pots.
usuadly wsed for tone and volume controls,
resistance increases at a definite but nneven
rate. In end-tapered pots, used for varving
tube bias, resistance “thins out”™ at one end.

For the convenience of radio builders, the

receivers



makers of potentiometers provide switches
that can be slipped onto the back of the unit
(Fig. 7). The switch is actuated by the first
few degrees of shaft turn.

A potentiometer is usuallv fastened to a
panel by means of a gripping nut screwed
on a threaded shalt. Since there is a good
deal of variation in shaft nuts, vou can often
do yourself a favor by purchasing an extra
one at the timme vou buy the potentiometer.
With two nuts vou can exactly regulate the
projection of the shaft in front of the panel
as shown in Fig. 8.

Output Transformers

In purchasing an output transformer for
a small set, it is best to look for the universal
tvpe. Taps on the secondary winding of the
transformer (Fig. 9) allow matching of any
tube impedance from 1,500 to 20,000 ohms
to anv voice-coil impedance {rom .1 to 24
ohms. These figures vary somewhat with
different makes.

Impedance matching is probably the lead-
ing consideration in the selection of an out-
put transformer, but there is one other that
must never be overlooked. If the transformer
can’t handle all the plate current that will
be delivered to it, it cannot transfer that
power to the speaker. Output transformers
are rated in watts. For most battery and
small AC-DC receivers, 4 to 5 watts is suit-
able; for AC receivers and high-powered
audio amplifiers you will usually want a
transformer rated at 8 watts or more.

Tubes and Pilot Lights

Some people feel that radio tubes offer
the largest variety of radio components.
Several catalogs list upward of 400 types.
This, however, nced rarclv worry the builder
who works from a parts list. The specifica-

tions always designate tubes by numbers.

One puzzling element is the lettering that
follows the tube number. A metal 6K7, for
example, has the same electrical characteris-
tics as the glass-dome 6K7-G or the bantam
6K7-GT (the latter is sometimes listed as
GT,;G). The only differences are in their
physical dimensions (Fig. 10) and in the
method of shielding. The first of these tubes
is encased in metal. the other two in glass
envelopes of different sizes (G being con-
siderably larger than the GT). The 6K7 re-
quires no separate shielding, while the others
must be covered with a metal shield (Fig.
11) to suppress undesirable coupling. Only
tubes used in the high-frequency circuits—
RF, converter, IF, and sometimes detector
stages—neced shielding; others such as power
output tubes and rectifiers don’t require it.
Fig. 10 shows the most common types of re-
ceiving tubes, being, from left to right, sub-
miniature, miniature, bantam (GT), metal,
and glass dome (G).

Sometimes vou want to duplicate a par-
ticular circuit in a smaller size. This is be-
coming increasimgly possible with miniature
components. For example, the 30L.6 beam-
power amplifier can be replaced with a
50B3 miniature.

Dial pilot bulbs become critical in AC-DC
sets, because theyv're in series with the tubes
and must match them in current rating, since
current is equal in all parts of u series circuit.
The bulb ratings are marked by a colored
glass bead in the bulb. For example, a set
using tubes with heaters drawing .15 amp
at 6.3 volts calls for a brown-bead pilot bulb.
A white bead means .5 amp. at 2.5 volts, a
blue .3 amp. at 6 to 8 volts, and a pink one
06 amp. at 2 volts. All types come with
both bavonet and screw bases to suit the
two socket tvpes (Fig. 12).
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Rubber Tips Insnlate Chokes
WaEeN crowding radio parts close together
to make a compact job, here’s a method for
protecting the bare metal ends of an RF
choke against accidental contacts. For each
end, cut the rubber tip from an old medi-
cine dropper and place it over the end as
shown.—Alfred H. Fortier, Orono, Me.

Vent Heles Prolong Tube Life

A FEw %” holes .
drilled around the : ”
socket of the rectifier 3
tube of a large re- |
ceiver, amplifier, or
transmitter will keep
the tube cooler and
thus help to increase
its life. Other nearby
components are also benefited because the
increased air circulation carries away much
of the damaging heat.—D. J. Baclner, Jack-
son Heights, N. Y.

WINDOW SCREEN,
. WALL,OR PARTITION
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Imsulaters Made Frem Fuknels

I aapeE some swell cone-type feed-
through insulators from the small plastic
funnels sold in dime stores. Comparable com-
mercial insulators would have cost me a lot
more. Two of the funnels, with the tips cut
off, are used for each insulator as shown in
the sketch above.—Arthur Trauffer, Council
Bluffs, Ivwu.

Iren Piug Is Phome Terminal

AN oLb electric-iron plug can be converted
into a handy terminal for a mike or phono
input or used for an output connection to
speaker or phones. Its own cable can be
brought under the chassis to the appropriate
connections. Incoming leads are fitted with
banana plugs, which are in most cases a
good [it in the holes. Either Dbolts and nuts
or self-tapping screws can be used to hold
the clamp. Being built with heavy-duty
insulation, the plugs can be attached di-
rectly to the chassis as shown.

Pointer Filed on Plain Knob

It 15 often convenient to have a reference
point on the knob of a volume, lone, or other
control so that a setting can be noted for
future use. If you don’t have a pointer knob
on hand or want one that matches the others
as closely as possible, you can convert an
ordinary round knob to your purposes as
shown. File two small flats on the rim, leav-
ing a small portion between them. Then file
this portion sharp to form the pointer.

A spot of paint or nail polish on the point
will make it casicr to read.

13



< l{adm Butlding Hints for

By Frank Tobin

ANY craftsmen who have been bitten

by the radio bug have discovered that

the hardest thing about getting started in

radio is—getting started. Right at the outset

you have to answer a hundred practical

questions that crop up even in the simplest

project. Common sense can answer most of

them, but a few pointers may help you past
the first bottleneck.

A ruler and a sharp punch are used to mdrk
a chassis. For experimental layouts that may
have to be erased, use soft or colored pencil.

14

The best way to learn radio building

is by building radios, but these tips

may smooth your first steps.
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Quite literallv, the chassis is the founda-
tion of any electronic gadget. It’s the place
where you hang all the parts. You can bend
it up out of tomato cans, cut it from a
breadboard, or use the orthodox kind that
you buy in radio stores. Most of the latter
are made of either aluminum or steel, gen-
erally about 1/16” thick. They come in a
variety of sizes and finishes.

Aluminum, of course, is easier to work
with than steel, particularly if you have only

W’here a hole is to be made, hit the punch a
sharp hammer blow. The indentation guides the

drill, helps get the hole exactly on center.




a hand drill. With an electric drill the dif-
ference isn’t very great. You can use car-
bon-steel bits with a hand drill, but high-
speed drills will last longer if you have a
heavy-duty electric drill.

Drilling the holes is an easier matter than
deciding where to drill them. Tube sockets
and coils especially must never be placed
haphazardly. They have to be located and
oriented so as to keep the leads as short as
possible. Not all wires can be short, of
course, but they aren’t all equally important.
The critical ones are those going to plates
and grids. From the diagram or a tube man-
ual vou can easily figure which way to turn
a socket or IF transformer so that the leads
will remain short. Scrcen-grid and B-plus
wires are next in importance. Keep them
short if you can, but don’t worry if they
have to stretch a bit. Ileater, ground, and
AVC leads practically don’t count in the
shortness sweepstakes.

Should vou find that the grid leads in an
audio or output stage have to be long, ust
shielded wire and ground the braid to the
chassis at some point. Good examples are
the connections to volume or tone controls.
Do not use shielded wire in radio-frequency
stages, as the added capacity of the shield
may easily throw off the alignment of the
coils and tuning condenser. And it any grid
wire has to cross one that goes to a plate,
make sure they do so at right angles.

A chassis punch consists of a two-jaw cutter,

left, a die, and a machine bolt. A separate

punch is needed for each ditferent hole size.

- - 8
Drawing up the bolt with a wrench brings the
cutter and die in contact with the chassis and
shears out a clean, precise socket opening.

Wherever possible, group components
which perform similar functions. The RF
and IF parts can go on one section of a
chassis, the audio and output stages are
gathered in another, and the rectifier and
power-supply pieces occupy still a different
corner.

Once vou've decided where each of the
parts is to go, mark the chassis for drilling
with a soft pencil or a sharp-pointed tool.
At the spot where a hole is to be drilled,
make a punch mark that can serve as a pilot
for the drill. Since the three holes for a
tube socket (two hold-down screws and that
for the socket opening) must line up exact-
ly, marking and drilling require care.

Small holes are easy. All you have to do
is sclect a drill of the proper size. Larger
ones for tube sockets and the like are an-
other matter. There are three common meth-
ods for making such holes.

You can either enlarge a smaller opening
with a rat-tail file, use an adjustable hole
cutter in a drill press, or employ a chassis
punch. Punches are made in all the com-
mon socket sizes; the three that take care
of most work are %7, 11/16” and 14"

It is difficult to visualize in advance all
the holes that mav be needed, but drilling
others after some parts are mounted may
endanger those parts. \Why not drill a few
extra holes, especially in strategic locations?

Remember, for example, that leads from

A & _

Any burred edges that are left after drillin
—especially in alominum—should be remove
with a file or a heavy knife blade.

15
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Copper wire solders best when it is tinned.
Best bet is to buy it that way, but you can
tin the ends vourscl by scraping them clean

a transformer or choke can’t get to the un-
derside of a chassis through solid netal. A
5/82” or 3/16” hole is about right for pass-
ing a wire through the chassis. You nced
an opening. also, when vou use a tube that
has a grid connection brought to a metal
cap on top. And for each gang of a tuning
condenser there has to be some wav to get
to the stator (fixed) plate terminals. If the
condenser has lugs on the bottom, drill over-

N |

A soldering lug. held down by a screw that is
used (o fasten some other part to the chassis,
provides an excellent ground connection.

16

and dipping them into rosin flux paste. Iut
an end on a metal plate and run a thin coat
of solder over it. Melt off any excess.

size holes—say %" to %”—so that neither the
lug nor the connecting wire can touch the
chassis.

Once you have all the holes drilled and
the parts mounted, you can get down to the
serious business of wiring the set. It is usu-
ally advisable to make all filament or heater
connection first. Take care of the cathodes
next, then go back to the RF stage and work
along, in order, to the rectifier.

In AC receivers where heater voltage is
obtained from a filament winding on the
power transformer, twist the leads and
ground the centertap of the winding. This
helps to reduce hum pickup. If the wind-
ing has no centertap, ground onc of its two

leads and one of the heater pins on each

tube socket directlv to the chassis. The
other transtormer lead then goes to the re-
maining heater prongs. Alwavs use stranded
wire with good insulation; it withstands
twisting and bending a good deal better
than solid wire.

While stranded wire is recommended for
heater conuections. a solid wire—preferably
with insulation of the “push-back” type—
has advantages for B-plus and plate leads.
Being less flexible, this wire can be bent up
out of the way and will stay where it is put.

In actual practice vou will find that vou
don’t need very much wire to hook up a sct.
Many components are sold with their own
leads, which are almost always ample for
the connections that have to be made. If
they aren’t. the chances are that something
is wrong with the placement of the pats.
Most often it will be necessary to cut these



Many

be purchased with
tirmed wire leads, all ready to solder into the
set. Push about %7 of insulation back from end,

components can

leads down to size. When one isn’t needed
at all, cut it off short.

Much the same facts apply to small parts
such as resistors, mica and paper condensers,
and plate chokes. These usually come with
“pigtail” leads which are stitf enough to
support their weight. If a pigtail lead has
to come near or cross a4 bare wire, or is in
any other danger of grounding or shorting,
slip a length of “spaghetti” tubing over it
for insulation.

To provide anchoring points for a wire
that goes to ground or for two or more leads
that come together, use soldering lugs and
terminal strips. The soldering lug is a little
metal tal with a hole at each end. Slip one
hole over a machine screw that is being used

o % "
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Terminal strips make fine anchored meeting
points for ungrounded wires. The pencil points
to one; another one is in the background.

to hold down some large part, and clamp it
with an eatra nut,. Wires thal are soldered
to the other hole will then be in good elec-
trical contact with the chassis.

When joining unground wires—as several
B-plus connections that come together—use
a terminal strip or lug. These consist of one
or more cyelets inounted on a fiber strip. A
leg is provided for bolting the strip to the
chassis, but the evelets to which connections
are made are insulated from all other points.

Copper wire that has been “tinned” (that
is, cleaned and finely coated with solder)
is best for radio work as it allows faster and
more secure soldering. Try to buy tinned
wire and parts with tinned leads, but if you
can’t, here’s how to fix them up yourself
Cut off or push back the insulation to a dis-
tance of about %” from the end, and clean
the copper with a picce of emery cloth.
Stick the cleaned tip into a cun of rosin flux
paste and place it on a small metal plate.
Bring a hot iron and a strip of solder into
contact with the end. A thin coat should
adhere to the wire, Run off any excess with
the hot iron,

Never use acid-core solder in radio work.
Acid can corrode the connections, and if
any should remain between socket prongs
or other critical points, it could act as a leak-
age path for the busy electrons. Plain and
rosin-core solders are fine, and a can ol rosin
paste is handv since cven the cored solders
can stand some extra {lux. Excess paste on
a joint need not be wiped off as it can’t do
any harm. In making soldered connections,
heat the joint and let the joint melt the
solder.

Try to visualize all necessary holes and drill

them in advance. One is needed to clear the
stator lug on each unit of a ganged condenser.
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Still the beginner's choice, crystal
These

four de luxe versions will surprise

receivers refuse to die out.

you with the things galena can do.

By FRANK TOBIN

CRYSTAL receivers occupy a unique and
honorable position in the history of
modern science. Almost to a man, the pres-
ent generation of engineers and technicians
grew up on crystals, and it is this generation
that has made electronics a synonym for
progress and achievement.

With the rapid advance of the radio art,
crystal detectors were forced to give way
to vacuum tubes. But as much as they’'ve
been shoved into the background, these
perennial favorites have never passed out of
the radio picture. Beginners and experi-
menters who like to do a lot with a little still
find their simple circuits inviting, especially
since new developments in crystals have
given a boost to the old-fashioned sets.

Take, for example, the novel radio phono-
graph shown on the next page. The output
of the pickup (which employs a piezoelectric
rather than a detector crystal) is sufficient
to drive one or two pairs of headphones at
full strength and with excellent quality. By
using a spring-wound motor in place of the
one shown, you can make the outfit inde-
pendent of a power supply as well as of an
amplifier.

Most of the space in the standard 4” by
10” by 12” cabinet is occupied by the phono-
graph. One of the newer fixed crystals
(type 1N34) is used in the radio. An
antenna coil of the type commonly used in
A.C. - D.C. sets and a .00036-mfd. variable
condenser are employed for tuning. Con-
nected between the primary and secondary
windings of the coil, a midget .00005-mfd.
trimmer adjusts the coupling. The looser
the coupling (i.e., the more out of mesh the
rotor plates are) the greater will be the
selectivity and the weaker the volume.
Once it is set for any particular locality and
antenna, the trimmer need not be altered.

A pickup with as little as .5-volt output
will serve, but one rated at 1.5 volts or more
is preferable because the output of the
phono crystal is fed directly into the head-
phones without amplification. To vary the
volume, use different needles. Soft needles
give less headphone volume than hard ones.

CRYSTAL
ST

Too much power can sometimes be as bad
as too little. Standard crystal receivers used
close to several high-powered transmitters
often fail to separate the stations, and it is
to overcome this weakness that two separate
tuned circuits are employed in the super-
selective receiver illustrated at the top of
page 20. Coils L1 and L2, together with a
.00036-mfd. variable condenser (C1) form
the first tuned circuit; L3 and C2 form the
second. Selectivity is obtained in this fash-
ion without sacrificing signal strength.

All the coils are wound on a 2%” tube 61”
long. Use No. 24 enameled wire throughout,
winding 50 turns for L1, 25 tums for L2,
and 60 turns for L3. When a long outdoor
antenna is available, better results can be
obtained by connecting it to the midpoint
of L1.

Closest in design to the conventional crys-
tal set that has been popular since the begin-

World Radio Histo %



[l

e

i1 b

T

il

Radio-phonograph combinations strike a new note
in crystal-set construction. The complete yet ex-
tremely simple unit shown at the right depends upon
two relatively recent developments. First is a high-
output pickup that can operate headphones directly
without amplification: the second is a preset, fixed-
crystal detector. Because this crystal requires no
manual adjustment of its cat's whisker, the entire
radioc can be tucked out of sight inside the cabinet.

RADIO-PHONO

CRYSTAL SET

,CRYSTAL
7 PICKLUP

00005 MFD,

TRIMMER \ FIXED CRYSTAL

OETECTOR OPOT—+ £+ TURNTABLE

[GROUNO

Vad
007 MFO.

“ALDC-TYAL
ANTENNA CON, 1S VOLTS AL,
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SUPERSELECTIVE
SECUKD CRYSTAL RECEIVER

f‘? ?‘SNORY ANT. Two separate tuned circuits enable this receiver to
Sue distinguish between two or more powerful signals.
ANT. The alligator clip is used to centertap the antenna

00% coil, L1, when a long aerial is available.
ce ; t
- {
{ ™ i
vg  wg Fo |al |
) | ning of radio is the compact portable shown
G i

below. To cover the entire broadcast band
with its .00014-mfd. condenser, two sets of
coils are needed. These can be made inter-
changeable by winding them on a pair of
4-prong, 1%” plastic forms. For use between
200 and 350 meters, L2 should eonsist of
100 turns of 32-gauge wire, and L1 of 40
turns of No. 36. Leuve 1/16” to %” space
betwoon the two windings. Stations oper-
ating in the 850 to 550-meter range can be
tuned in with a coil that consists of 170
turns of No. 34 (L2), and 60 turns of No. 36
(L1). As before, enameled wire is used

/ /|
00036 MFD. 002 MFD.
PHONES

This tiny set makes a fine traveling companion. For
use on camping trips, carry a long coil of antenna
wire and a spike that can be driven into the ground.

GROUND PORTABLE CRYSTAL
RECEIVER,

T G0008 MPA TRIMMER

000G MFD. l

001 MFD. }Lﬂ

X} L2 PHONED
CRYSTAL DETECTOR @

{

{
SHORT ANY.




6-PRONG WAFER SOCKET

MACHINE SCREWS

8-PRONG (OCTAL)
WAFER 30CKET

Departing from conventional crystal-set design,
this model employs one stage of amplification.
With 90 volts on the plate, it will operate o
loudspeaker or pull in distant stations.

GROUND

ONE-TUBE CRYSTAL

RECEIVER
LONG ANT
SHORT ANT
CRYSTAL tasGT PHONESIOR
DETECTOR e

for all windings. The small left-hand com-
partment in the 4” by 7” by 8” cabinet will
hold a single headphone, the extra coil, a
hank of antenna wire, and a ground con-
nection. A stock cabinet is illustrated in the
photo, but one like it can easily be glued up
out of thin wood stock.

Because crystals can only detect a signal
without amplifying it, they rarely give satis-
factory performance when used at a distance
of 50 miles or more from the transmitter. If
you want to double the radius of useful
reception, however, you can add an ampli-
fier tube as is done in the cirenit pictured
above. For phone reception, 43 volts on the
plate of the LA5GT should be sufficient. In
addition, local broadcasts may often be
picked up with a loudspeaker connected in
place of the phones. For speaker operation,
plate voltage should be increased to 90.
A separate A battery supplics the 1.5 volts
needed by the filament.

For the sake of simplicity, all the parts are
mounted on the front panel of the metal
cabinet. As the chassis panel is grounded,
and it is necessary to keep the tube and coil
sockets from making contact with it, a card-
board insert is placed between the panel
and the sockets as shown in the drawing.

Windings L1, L2, and L3 consist of 40,
70, and 110 turns respectively. For the first
pair use No. 36 enameled wire, and for L3
use No. 32. Wrap a strip of tape around
the lower end of L3 and wind L2 over the
tape. When tuned by a .00036-mfd. vari-
able condenser, this coil will cover the entire
broadcast band. The close coupling of L2 is
intended to increase signal strength when
the set is used with a short antenna.

Several types of crystal detectors may be
purchased from radio supply stores, and
three different ones have been employed in
these four circuits. As far as performance
is concerned, any of them may be used in
any of the sets, but a fixed, preset crystal is
suggested wherever the layout requires that
it be placed in some inaccessible spot.

When using an adjustable crystal, move
the cat’s whisker carefully over the surface
while turning the condenser slowly back-
ward and forward until a sensitive spot is
found. Don’t bear hcavily on the contact,
and try to avoid touching the crystal with
the finger tips as any oily film on its face will
reduce the number af sensitive spots.

For maximum perfonmance with any crys-
tal set, use a long outdoor antenna and a
good, clean connection to ground.

A
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Start with a one-tube receiver and add stages. This set gets hetter as it gets bigger.

beatnner’s
110 Grow
V Mages

By Albert Rowley

AVE vou ever thought of budgeting a
radio? That is. investing small quan-
tities of money, time, and study until they
add up to the finished job you want? If you
now have a nodding acquaintance with the
electronic art, vou'll learn a great deal more
by watching this radio work as it grows. For
a few dollars and even fewer evenings vou

2

can build yourself a one-tube-plus-rectifier
receiver that will bring in most of the local
stations at comfortable headphone volume.

Later, at vour leisure, vou can add an-
other tube to increase the range and selectiv-
ity of the set. Then—like building with
blocks—vou can add a thivd tube to com-
plete the job. You'll have a three-tube loud-
speaker radio that makes a fine extra set for
the workshop or even a fill-in upstairs.

As can be seen from the photos, the build-
ing-block idea is an actual method of con-
struction. Each of the four stages is built
on.a slab of wood %” thick and 6” long.
They vary slightly in width, the detector
stage being 3%” and the audio 2%”, while the
rectifier and RF units are each 37 wide.
This adds up to 127, which is the width of
the front panel to which all four units are
ultimatelyv attached.

The first set to make is the one-tube re-
generative receiver consisting of units 1 and
2—the detector and rectifier stages. If you
want to see what the schematic of this set
looks like, fold page 25 down the center.
Now fold up the left-hand column along its
center. This covers up unit 4 and brings
units T and 2 together.

On the detector block, drill or saw out a %”
hole centered about 2” from the front edge.



Mount an octal walcr socket with the prongs
fittinyg iuto the hole and ihe hase of the soek-
et flush with the board. The lugs to which
connections are soldered can be bent over
to rest flat on the board. Wood screws hold
down the socket, coil L, and the half dozen
terminal strips that are used to anchor the
fixed resistors and condensers.  Predrilling
the screw holes makes the assembly easier.

An air-core RI" coil is used in this stage
as tho antenna coil. The plate lead (A) is
connected to an external antenna and the
B-Plus terminal (B) goes to the point marked
C in the diagram. The other two leads are
wired in the usual fashion to grid und
ground.

Betore vou do any wiring on the detector
stage, wind 15 to 20 turns of No. 34 D.C.C.
wire around the ground end of the second-
ary or grid winding. This will become the
tickler coil (L2) and will serve to feed back
some of the signal to the grid in order to
build up amplification. The amount of feed-
back is controlled by the 5,000-ohm poten-
tiometer, K2, which makes it, in ellect, the
volume control,

Ground conucctions are brought to a 17
angle bracket mounted flush with the front
edge of the block. A soldering hug under the
wood screw that fastens the bracket collects
the ground leads. No connection is made to
the phone jack terminal marked D in the
diagram.

When the detector block is assembled,
start on the rectifier. A feed-through switch
is cut into the line cord to turn the power on
and ofl. The two leads coming from the
switch are anchored to a 2-lug terminal
strip. Solder the pigtails of a .01-mfd. con-
denser (C9Y) across the same two lugs.

A fikunent transformer for the 6-volt tube
heaters and a dry-disk selenium rectifier are
the principal components of the rectifier
stage. Output of the drv disk, as filtered by

The coils in both the detector and RF stages
must be altered. Nail polish is an ettective coil
dope for sealing new turns in place.

.

Aluminum foil stapled to the front panel acts
as a common ground or chassis and also pro-
vides shielding for the variable condenser.

R35, and the dual electrolytic, C7, C8, feeds
about 100 volts of direct current to the B-
plus line going to the other stage or stages.

One leg of the angle bracket on cach
block is bolted to the front panel. This panel
is backed by a sheet of aluminum foil or tin-
foil stapled or tacked to the board. The foil
serves as a shield for the tuning condenser
and also as a common ground return.

It vou plan to build all four stages of the
receiver in time, vou can save voursell some
work by completing the front panel right at
the start. It is a %” by 6” by 12” board on
which are mounted a two-gang tuning con-
denser, closed-circuit phone jack, and 3,000-
ohm potentiometer. A trimmer might be in-
cluded in this list although it is actually at-
tached directly to the frame of Cl. The only
parts that will have to be added later are the
5” PM speaker and output transformer. A
grille for the speaker is made by drilling
seven or eight rows of %" holes spaced %”
apart. If vou don’t have an electric drill or
drill press, you may find it easier to jigsaw
an opening and cover it with a cloth.

In this one-tube set, inpulses that reach
the external antenna are brought down into

First of three sets you can make with your
building-block rcceiver. It's a regenerative de-
tector emploving onc tube plus rectifier.
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the primary winding of the RF coil. By in-
duction the coil transfers them to the scc-
ondary winding where the tuning condenser
(in parallel with this part of the coil) sc-
lects one particular signal from the jumble.

This selected signal goes to the control
grid of the 6S]7 detector tube. It is then
demodulated—that is. the radio-frequency
component or carrier wave is rectified and
filtered out, leaving only the audio-frequency
voltage to energize the headphones.

In order to increase the amount of am-

plification that can nonnally be obtained
from a single tube, part of the signal is fed
back fromn the plate to the grid through the
tickler winding.

If vou'd like to add pep to the head-
phone signals, bring in weak ones with
grcater strength, and capture some new ones
that vou can’t get at all, try adding a stage
of radio-frequency amplification.  Unit 3,
the RF stage, is assembled in much the same
way as the detector. Antenna coil L3
should be of the same manufacture as LI.

UNIT 1 (DETECTOR)

R1: 33.000-ohm. ',-watt carbon. R5
R2: 5.000-ohm potentiometer. R6
R3: 50,000-ohm !,-watt carbon C17:50-mfd. }

R4: 100.000-ohin ! ,-watt carbon

C1: Second section of 2-gang tuning :.01-mfd

LIST OF PARTS

UNIT 2 (RECTIFIER)

: 1.000-ohm. 2-watt carbon

: 15-ohm. 1-watt carbon

©8: 30-mfd. ,150—\'011dunlclcctrolylic
40n-volt paper

condenser 00041 mfd. each section. S1: On-off feed-through switch,
C2: 4-80 mmf variable trimmer. T1: 6.3-volt. 1.2-amp. tilament R8: 1-meg s-watt carbon
C3: 4-mfd. 150-volt electrolytic transformer R9: 200-ohm ! .-watt carbon.
C4: .05-mfd  400-volt paper SR: 100-ma. selenium rect C12: 50 to 100 mmf ceramic or mica
C5: .0001-mfd mica Line cord and plug 1see text)
C6: .01-mfd 100-volt paper C13: .0033-nmfd. 400-volt r.
L1: Air-core RF coi UNIT 3 (RF) 4: 4-mfd.. 150-volt elcc tic

L2: Tickler coll r1see text)
J: Closed-circuit phone jack. R7: 27.000-ohm, !,-watt carbon 5" PM speaker. octal wafer socket
Octal wafer socket and 6SJ7 pentode C10: Front half of 2-gang tuning and 6K6-GT pentode

condenser (See Cl)
Cli1: .01-mfd.. 400-vollL paper.
L3. Air-core Ant. coil. (See text).
Octal wafer socket and 6SK7
pentode

UNIT 4 (AUD10)

Cl4:
T2: Qutput trans. (sce text),

24



10
CEHAISS

o122
PRIMARY)

$"SPKR

CHASSIS

i

UNIT 2 — RECTIFIER STAGE

v
SR
_..I ' 3 R
-0, €
Rs
Cq <

it

L LA "—g 1
. GHASSIS —b.

At

A+ 5

L et

B+

Matching the coils is important, or the two
sections of the tuning condenser won'’t align
correetlv. Even Dbuving a pair, however,
won’t insure matching in this case, because
the addition of the tickler winding tends to
upset the balance. To remedy this condi-
tion, remove about ten turns of wire from
both the primary and secondary windings
of the antenna coil,

When the RF block is finished, connect
the grid of the 6SK7 to the front section of
the two-gang tuning condenser (C10). Re-
move the external antenna from point A and
conuect it to the antenna terminal of L3.
Break the connection from B to C and con-
nect A to Eand B to F.

In this setup, incoming signals are first
tuned by C10, the variable condenser across
the secondary of the atenna coil. The se-
lected signal is amplified in the 6SK7 and
coupled to the detector by means ol the RF
coil, which has been restored to its proper
function. Having a stronger signal to start
with, the detector stage can now produce
greater oulput,

Although this two-tuber will get more

8+

than the one-tube job, it is still a headphone
receiver. If vou want to strengthen the sig-
nal enough to get loudspeaker volume, add
a stage of audio amplification (Unit 4).
Connect point D on the phone jack to G,
the grid pin of the 6KG6.

In order to obtain the correct match be-
tween the plate of the 6K6 and the speaker,
you need an output transtormer with a pri-
mary impedance of 10,000 to 12,000 ohms
and a secondary of the proper rating for the
voice coil of the speaker vou will use.

Note the 350-mmf. ceramic condenser
(C12) across the grid resistor. The capa-
city of this condenser is far too low for it to
have any effect on the tone of the set. It is
used to increase the amount of feedbuck get-
ting to the grid of the detector tube when
the audio stage is added. Although it is
wired to the grid of the 6K8, it is effectively
located between the plate of the 6SJ7 and
ground. This capacity must be kept Jow in
order to prevent oscillation, However if
50 mmf. doesn’t provide enough feedback,
try raising the value of C12 to a maximum
of 100 or 150 mmf.
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Intercoms
Save Yo Steps
i Home,
Otlice, Shop

Take your pick of a minimum tube-
less civcuit, an instant-heating bhattery

job, or a heavy.duty AC-DC unit.

F YOU live or work in more than a couple
of rooms, the question you may well ask
yourself is not whether you need an intercom
but what kind of intercom you need. These
tireless servants run your errands faithfully
to save you countless steps. At home they
make it unnecessary to shout from cellar to
attic; at work they lighten the load on tele-
phone cxtensions and get your message
through fast.

But granting their usefulness, it must still
be admitted that no one type of intercom
is suited to every job. If you have to make
only one or two calls a day, you wouldn’t
want a set that draws cuwrrent while it’s idle.
A battery set will give you the advantages
of instant heating, and uses no stand-by
power. On the other hand the cost of battery
replacements may make it unwise to use
this tvpe of circuit when the intercom must
be left on for long periods.

To solve a variety of intercom problems,
PopuLar SciexcE has rounded up the three

26

oo © Infactories, offices,

and stores, intercoms make
everyone's work easier.

pairs of squawk boxes pictured above and
on the following pages. The first, built by
Tracy Diers, of Richmond Hill, N. Y., is a
three-tube, batterv-powered unit. It re-
quires no warm-up period, so calls can be
made instantly from either end. Because no
current is used unless a call is being made,
the batteries will have long life.

The second pair, devised by William Nor-
ton, Manhattan, N. Y.. consists of two iden-
tical units. It would be hard to find a simpler
circuit, for each box contains onlv a war-
surplus carbon mike, a speaker, and a bat-
terv. No tubes are used.

Henry C. Martin, also of Manhattan, built
the third set. It operates from an AC or DC
house line and is ideal for service in which
it will be turned on in the morning and off
at night. After it has warmed up, calls can
be made from either end just by pressing a
button. In the photo at the right, above, the
remote unit is shown in service as a baby
tender. The master set in the shop enables



Homemaking is big business,
too. Intercoms skip stairs
from kitcnen fo study.

rv
o N

you to kecp tabs on a sleeping child up-
stairs. Note the clock placed next to the
listening box. So long as its ticking can be
heard downstairs, you know the intercom
is functioning,.

Batteryv-operated Intercom

In the three-tube circuit shown in photos
and diagrain on the following page, two
small permanent-magnet speakers double as
microphones. Power is obtained from a 67}-
volt B batterv and a 1%-volt hearing-aid cell.

Build the amplifier first. The model pic-
tured was asscmbled on a 3%” by 4%” chas-
sis. Three tubes and two trunstormers are
mounted on top of the chassis. as can be
seen in the photos. An 8-contact terminal
strip is also placed on top to facilitate con-
nections to batteries and the remote unit.

The amplifier should present no special
wiring problems. Short leads are always
desirable: all of these were made with push-
back wire. Ground connections are soldered

No need to run up to see
if haby’s awnke, A speaker
listens for you.

to lugs holted to the chassis. Use solder
sparinglv; a blob of it could eusily short-
circuit the closelv spaced prongs of the
miniature tube sockets.

When vou have completed the wiring, you
can test the amplifier by connecting the
voice-coil terminals of the remote speaker
to terminals 3 and 4. Press S1 down to turn
on the filaments. The amplifier should start
operating immediately. Since the speakers
are close together in this test. you will prob-
ably also hear a loud feedback howl. Moving
the speakers farther apart reduces it.

Both the local and remote units were
placed in metal boxes. The former measures
557 by 51" by 6%, and has two removable
covers. The back cover was discarded and
a piece of wire screening was fastened in its
place. The front panel is then drilled to clear
the shafts of S1 and R7, and a speaker hole
is cut out.

The remnote box is simplicity itself. It
contains only speaker, switch, and a four- .

2



Local station is assembled on a 3%” by 4%” Front panel of metal box is cut for speaker
chassis; transformers, tubes, and terminal strips  and control shafts; the back cover is removed

go on top. Controls are on front edge. and replaced with a piece of wire screening.
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LIST OF PARTS

All fixed resistors !2-watt carbon,
R1: 700 ohms.

R2, R6: 22.000 ohms,

R3. R5, R8: 47,000 ochms.

R4: 250,000 ohms.

07 1-meg. roluiie control.

REMOTE SPEAKER

Cl: 1-mfd., 400-vclt, paper. = s 0 VOICE coIL
8& 3 .006-mfd  400-volt paner,
. 8-mfd.. 450-volt electrolytic

{optional. see text) ohm speaker is used, transformer 4” Permanent-magnet speakers (2)
1. S2: DPDT togele, spring return, should match), with 4-ohm voice coils, !

T1l: Intercom input transformer, T2: Mideget output transformer, 5,000 Tubes (1U4. 1S5, 1S4) with miniature
25.000 ohms on grid side to 4 ohms to 8,000-ohm plate to 4-ohm voice sockets, cabinets, 4-wire cable,
on speaker side, (If other than 4- coil. batteries, misc. hardware

When planning parts layout leave space for hatteries; they go in cabinet with amplifier.

Bottom view shows Jocation of most of the Remote station contains speaker and switch.
small parts. Position isn't critical in this circuit ~ Gronunet mounting of speaker helps reduce bhass
but it’s good to keep leads short. tone that often occurs at the end of a long line
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contact terminal strip housed in a 47 by 5”
by 6” mectal box, Stack a couple of rubber
grommets or washers on the screws that hold
the speaker to space it back of the pancl.

Connections between the two units are
best made  with four-conductor  intercom
cable. but yon can use two lengths of lamp
cord. The latter, however, may cause some
oscillation.  Shonld this Lappen, add wn
S-mfd. clectrolvtic condenser (Ch)  from
terminal 2 to groind on the local unit. 1t's
essential, of conrse, to conneet the locul-
station terminals to the corresponding onos
on the remote unit. With four-wire cable.
the job is made casv by color-coded wires: it
vou use uncoded lamp cord, test cach lead
for contimuity.

Tubeless Tutereom

There are many cases, especially around
the home, where an intercom would come in
handy, yet the use you can get ont of it
doesi’t justity the cost or work imvolved in
building a high-powered job. For such light
service, tuke a crack at the tubeless unit
pictured above. It will work at distances
trom 50 to 100 feet. Though it isu't loud. it
is clear und audible.

Two Arnnv-surplus T-17B  microphones
were purchased for about a dollar apicee;
cuch of the 67 speakers cost just a bit more
thun that. These items plus @ pair of bat-
teries are all vou need. I vou mnake your
own cabinets, total cost won't go much
above $3 a unit. Should vou have trouble
obtaining the surplus mikes, use standard
carbon microphones. Ta this case, however,
reduce hattery voltage to 6 to § volts. The
army mikes have three color-coded leads.
Usc only the black and red ones: ent off the
white, This takes advantage of the press-to-
talk switches in the mikes; no other switches
are needed. Conneet the units together with
two-conductor wire attached to the terminal
clips indicated in the diagram,

AC-DEC Unit

An amplifier circuit simikar to that nsed in
small record plavers provides the muscle
for this two-tube squawk box.  Special
conpling transformers and a switching ar-
rangement again allow ordinary permanent-
magnet speakers to double as microphones,
The specker-to-grid matching trausformer,
T1, couples the Alnico  speakers to the input
of the amplifier. Primary impedance matches
that of the voice coils (in this case, 4 ohmns).
Secondary impedance should be as high as

-0~
12 VOLTS MOUNTING
(SEE TEXT STRIP 6"SPEAKER

simple intercom needs only mike. speaker.
and battery. Parts enclosed in dotted line in
dingram are included in surphes T-178 anike.

possible.  In the wnit shown it is 106,000
ohms.

The other transtormer, 12, matches the
output of the 30B5 (abont 2.000 to 2500
ohms) to the speaker voice coils. Note the
tap on the primary; this is @ huni-reduction
tup.  Although it isn't essential, it will im-
prove the pertormance ot the circuit. 1 you
use a transtormer without this tap, connect
the points marked N together.

Parts are mounted ona 17 by 457 by 57
metal chassis and on a clear plastic panel
holted to the chassis front. The controls
that go on the pancl are the on-off switch,
St. the 230.000-0hm volume control, R2,
and the press-to-talk switeh. 820 .\ 3-contact
strip is mounted on the rvear chassis edge.

After mounting the puarts—preferably i
the approximate locations indicated in the
photos—proceed with the wiring, First make
connections to the secondary of T2 and the
primary of T, then wire SEand the terminal
strip. Now follow the wiriug dingram, read-
ing from left to aight. Leave the veetifier
cirenit to the last. When vou get to it be
sure that both leads are conmected to the
rectifier before wiring C6 on top of it

Three-conductor cable wires the master
and remote units together. Connections from
one terminal strip must be made to the cor-
responding numbers on the other.

Once vou have an intercom  installed,
vou'll find many extra uses for it. 1t's pos-
sible, for example, to pipe music from
room to room by placing the mustvr’

2
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LOCAL i
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R1: 33 000-ohm
1330 >0 C

R3: 180.000-ohn Cs
R4: 680 000-ohm W carbor C6
R56: 200-ohm walt curb Ci
R6: 390-ohm line-cord resistor. 81
R7: 68-ohm. l-watl earbun. 82
RE: 1 000-ohm. 5-watll wire-wound 54,
Cl: 1-mfd.. 150-volt electrolytic Tl

C2: 4-mfd 150-volt electrolytic

AC-DC unit uses speaker and two-tube ampli-
fier in master or ocal station.  Remote boy,
right, contains only speaker and switch.

Clear plastie front panel is attached directly
to amplificr, No pilot light is necded since
plastic window shows when tubes are lit.

5
switches, transtormers should mateh )
Tubes (12BA5  50B5) miniature
sockets. cabinels. 3-wire cable

106.000-
J nisc. hardware

unit in front of the radio. Since S2 is a
spring-action switch and normally in the
“listen” position vou either have to replace
it with an ordinary SPDT switch, or, better
still add S4. Break the oviginal compection
at the points marked Y-Y and wire in the
new switch. When $4 is in position a, inter-
com operations remains unchanged; when it's
flipped to b, the master unit is locked in
“talk” position.

The same considerations apply to the re-
mote unit. Adding §5—and  breaking  the
original lead at Z-Z—rveadies the small box to
act as a baby tender, Pluce it next to the
baby's crib and if the voungster ciies, you
can hear it at the master unit,

The output transformer was placed under
the chassis in this set. If you use a shallow
chassis, it can be moved to the top.




Get more stations at better volume on yonr
crystul and one-tube receivers by using awnpli-
fying phoues. They'll work with any set.

1,000-0HM 570,000
PHONE o) MFD.~ OHMS

X 0

S

000 OHM
PHMONE

_|FEED-THRU
9 SWITCH

{
~-B+{OR  ~225v. | t15V4po sy f .
(;_ATE GROUND) TO ~LSV. o PHONE SHELL
{OR CRYSTAL) SR 4SV.  BOTTLEGAP CHASSIS

Tube connections arce soldered directly to the
pins. Use a small iron and try to solder cach
joint quickly; too much heat may canse damage.

Al parts, including tube. are mounted inside
the bottle cap. Battery and phone wires are
taped together to keep them from snarling,

Amplifier Fits
On Headphone

FOU'TLL listen more comfortably to your
aystal and one-tube receivers with a
pair af amplitving headphones, And you’ll
also find them helpiul for signal tracing,
checking phono cartridges, and the like.
This umplifier, built on a ordinary pair
of 2,000-ohm phoncs (cach phonc is 1,000
ohms) will work with any type of set. The
whole amplifier, less batteries, fits into a
metal bottle cap measuring 1%” across by
only %7 deep. This bottle-cap chassis is
bolted to the back of one phone. Since the
cap is in eftect grounded, vou'll lessen the
chance of shorts if vou line it with ccllulose
tape. Also tape the holts and spacers.
Initially the two sides of o pair of head-
phones are wired in series, with the com-
mon wire runing down to the yoke and
buck up the other side. To connect the am-
plifier, remove the leads [rom the phone
carrving the bottle cap and conneet them
to the points marked X in the diagram. The
two phone ferminals are then wired to pins
t and 5 of the tube, which is a subminiature
once, type 2E36.

Insulate the bottle-cap chassis with tape. The
holes in back are tor mounting: drill two more
in the rim to clear battery and phone cables.

Amplitying headphones complete except tor
the batteries, Use a 1.3-volt flashlight cell and
a 224 or 43-volt hcaring-aid B battery
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1. Headphones or cven a loudspeaker will of-
ten replace a crystal microphone. Drawings at

S, G
the left show connection to common radio cir-
cuits. Above, phone is used to test amplifier.

Your Serap Box

Though most components are designed
for particular jobs, you can make
many of them double up in a pinch.

By Frank Tobin

F YOU'RE a typical vadio experimenter,

vou know what it means to be stuck for a
vital part when the stores are closed. Since
many amateurs do their work nights and
holidays, it happeus to a lot of people. Next
time vou run into that situation, take a look
in vour spare-parts box. You may not see
what you're looking for, but perhaps voull
find at least a temporary substitute for the
part vou ueed.

The first rule for making spare parts work
for you is to keep them in good order. Sep-
arate components by type and value, und
never, never toss in a defective part with-
out marking it. If you know a condenser is
shorted or opeu, throw it away. A transtorm-

er with one vwinding cpen is worth saviag,
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however, if voun tape on a note that tells
what’s wrong with it.

With a fair selection of resistors you should
never be too badly stuck for a particulax
value. Connect smaller ones in series to add
up to the total you want, or in parallel to
get a lower value. The same is true of con-
densers, but in reverse,

Headphoues and loudspeakers are usually
thought of as reproducers but they will also
operate as microphones in a pinch. A single
phone will give fair volume with two stages
of amplification, as in an AC-DC receiver;
both phones will do even better. For such
use, connect it as shown in the upper sketch.
In some cases it may be necessary to make
the connection at terminal C of the volume
control instead of terminal A. If the ampli-
fier has a microphone-input jack, vou’'ll use
that, of course. As you can see in the dia-
gram, no special coupling is needed; the
condenser and volume control are already
in the set.

l World Radio Histo




To use a permanent-magnet speaker as a
microphone you need a transformer to match
the voice-coil impedance to that of the am-
plificr grid. The best bet is to use a regular
intercom transforiner which has a secondary
winding in the neighborhood of 70,000
ohms. Lacking this, try an ordinary output
transformer, sclecting the highest primary
impedance available. Wire themn as shown
in the lower sketch of Fig. 1; black lines rep-
resent the parts added to those already in
the sct,

The humble wafer socket has the mak-
ings of a test-point adapter (Fig, 2). The
wafer socket must be of the same base type
as the tube to be checked. Invert the socket,
push in the tube, and plug both tube and
test socket into the socket on the chassis. It
may be necessary to clip the prong sleeves
on the wafer socket to allow the tube pins
to extend through. Bend back the solder-
ing lugs.

You may find yourself short of test prods
at a bad time. That’s nothing to worry about
if you have two mechanical pencils around
the shop. These pencils make good substi-
tutes for prods (Fig. 3). They should have
plastic barrels, or you may find yourself
holding a piece of high voltage. Make sure
that a good contact exists between the metal
ferrule on top of the pencil and the metal tip.
Wedge the wire from the meter under the
eraser cap or solder it on.

Coil Forms from Spools

An ordinary wooden pencil, by the way,
will make a fine core for a high-frequency
choke. Such chokes are widely used in FM
and TV reccivers and in other high-fre-
quency equipment. Leave the graphite in
the pencil; it takes the place of a powdered
metal core. Saw off a 17 picce and wind the
coil around it.

Other substitute coil forms can be sal-
vaged from flashlight batteries or a sewing
box (Fig. 4). In the former case, slip the
cardboard sleeve off the ccll; in the latter,
use a wooden spool froin which the thread
has been removed. Finished coils will stay
neat longer if they are coated with liquid
coil dope.

ITave you ever thought of emploving a
power transformer as an output transform-
er? Even a defective unit can be used at
times. In Fig. 5 a fairlv common transform-
er type is shown in this unconventional ap-
plication. Using half the high-voltage wind-
ing between the plate and B plus, and em-

2. Test-point adapter, casily made from wafer
tube socket, allows you to check voltages at
the tube instead of turning chassis over.

3. Need a pair of test prods? Try using me-

chanical pencils. Be sure they have plastic bar-
oIk
rels, for the metal parts may be “hot.

I
]
CULIE

4. Coil forms can be improvised from many
common objects. Windings must, of course, '
be figured in relation to diameter of the form.
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of an output transformer. It’s an expensive sub-

ploying the 5-volt rectifier winding for the
voice coil guve a surprisingly good match
between a 3516 power tube and the speaker.
For other tubes and speakers von can try a
number of other combinations. The 6:83-
volt secondary, for example may be used in
place of the 5-volt one. Also try the entire
high-voltage side, or half the 6.3-volt wind-
ing.

A push-pull audio transformer can be
made from two single-tube transformers if
they’re wired in series as shown in Fig. 6.
First try connecting onc grid and one
ground lcad togcther at the center tap. This
may not be the best arrangement, however,
so experiment with others,

By juggling the filament windings on an
old power transformer made for 5-volt and
2.5-volt tubes, you can obtain 6.23 volts.
This means you can use the transformer in
a circuit employing modern 6.3-volt tubes.
Note, however, that you no longer have a
5-volt tap for the rectifier, so you'll have to
use a 6X35 or similar 6.3-volt rectifier, heat-
ing all tubes off one winding.

Subs for Filter Chokes

It often happens that a serviceman or ex-
perimenter is stuck for a filter choke. It may
occur when you replace a field-coil speaker
with a permanent-imagnet one, for the field
coil frequently doubles up as a choke. In
a pinch you’ll find a filament transformer is
a pretty good substitute. Lacking a filament
transformer, try using the primary winding
of an output transtormer in place of the
missing choke. Both applications are pic-
tured in Fig, 8.

Figure 9 illustrates another possible
transformer dodge. The photo shows a uni-
versal output transformer being used to feed

3

5. A power transformer can be used in place

stitute, but it will work nicely until you get a
chance to put in the correct replacement unit.

6.3-volt tube heaters. This won’t work in
all cases, but by tryving the various taps on
both primary and secondary you may be able
to find a combination that steps down 115
volts to a value very close to 6.3. Test the
voltage on an AC meter before risking the
tubes. The transformer should be rated at 8
to 10 watts or higher; smaller ones will over-
heat. The voice-coil winding goes to the
tube filaments while the primary is con-
nected to the 115-volt line.

Selector Switches

If it’s a low-voltage switch you want, you
don’t have to hunt very far. A few nickel-
plated wood or machine screws will do the
job nicely, as pictured in Fig. 10. The setup
shown is a test circuit in which a universal
output transformer is used to feed a number
of different speakers. Instead of soldering
and unsoldering a number of connections to
find the best match, make a selector switch
by driving the required number of screws
into a scrap of wood. Place them in an arc
arrangement so that the moving arm—which
can be a flat brass or plated bracket about
1%” long—will make contact with cach screw
head. A small wooden knob can be at-
tached at the end opposite the pivot screw.

Parts substitution of the kind described
above may not save yvou much money, but
it will save a lot of time aud energy. Obvi-
ously it doesn’t make sense to buy a 83 pow-
er transformer in order to replace a filament
transformer that costs half as much. But if
you happen to have the more expensive unit
gathering dust, you won’t losc anything by
putting it to work. If this makes it pos-
sible to finish the building or repair job
youre doing, it will often put you ahead
of the game.



SINGLE-TUBE aupic
TRANSFORMERS
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6. Two single-tube audio transformers make a
neat replacement for a push-pull transformer.

o3 FILAMENT
4l TRANSFORMER
HIGH \ 6.3 VOLT
VOLTAGE o SEGONDARY
O
it
-
- - - 118 S
. sv. 2| Bocrs
E 115 VOLTY
625 VOLTS AC
\' 25V,
t T 1/1 u
NOT USED \CENTER TAP

7. Old wansformers for 2.5 and 3-volt tubes
can be used in modern cireuits with 6.3-volt
heaters. This arrangement gives 6.25 volts.

e 4

-

9. Heater voltage can be furnished in wmany
ways; one of the more unusual ones is to use an
output trunsformer. Test tap combinations.

Depending on transformer make, method of
connection may vary; try dilferent combinations.

OUTPUT TRANSFORMER R 3
VOIGECOIL - i
WINDING " ESipay

i =
-
i
. . el ‘:
PRIMARY Tvee gt
- ‘é y
TR <

8. Filter chokes may be improvised from either
filament or output transformers. One winding
isn’t used; it can even be open or shorted.

+ o 3080 % e T ~i e

10. Selector switches are a cinch to make. A
couple of screws and a flat metal arm do the
trick. Use soldering lugs tor the contacts,

3



A Nuperhet
the Begimner
i Buld

Never built a radio? Tune in on
this hobby now with these plans
for a five-tuber anyone can make.

By a High-School
Shop Teacher

O VOLTS scare you? Age vou sure you
can’t get to first base with radio? Your
answer to these questions should be a thump-
ing “No!” If it isn’t. someone’s kidding you.
I'm not guessing ahout it. As a shop in-
structor, I've met hundreds ot beginners
who were so scared of un ohm thev’d hide
under a table whenever one crawled out of
a circuit. Yet within a few weeks the most
timid of them was sporting a receiver he’d
built from scratch.

When I say they made receivers, I mean
the same 5 tube AC-DC superhet you see
here. But isn't it wiser, vou mav ask, to start
off with a simple one-tuber? I don’t think so.
It's no harder to hook up five tubes than two
—you just work a bit longer. And when

vou've finished, voull have a sweet little

Bottom of the completed set. Follow this and
the pictorial diugram in laying out the parts.
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set with plentv of power and sensitivity.
It’s even got automatic volume control, some-
thing vou won’t alwavs find on small sets.

The superhet circuit is a highlyv efficient
one used in scores of commercial designs.
It has a lew more parts than some others,
but they’re standard and easily obtained. If
you're remote {rom radio shops, the muail-
order radio houses have all vou'll need.
Youwr parts cost may be as little as $12, and
vour time investment will probubly run from
four to seven evenings.

What this radio—and any other—has to do
is to select the signal of a station vou want
to listen to, separate the andio modulation
(electric vibrutions at sound frequencies)
from the high frequencies that have carried
them through space, and then fatten them

Soldering cun bhe simplified by making all
convenient connections before mounting parts.



up to loudspeaker volume. A superhet has
a baby transmitter of its owu, consisting of
an oscillator coil and a mixer tube, which
gencrates a radio signal that's used to con-
vert any broadeast signal to a standard fre-
quency of 156 ke, This is lower than the
broadeast range but not yet in the audible
range. 1Us iutermediate, so the transform-
ers and amplifiers that boost it are called in-
termediate-frequency (IF) transformers and
stages. What skims off the low audio fre-
quencices is the detector (part of the 128Q7
tube in the diagrams), and they are then
beefed up by a husky beam-power tube,
the 50LG6.

Sure, the schematie circuit at the top of
page 39 looks complicated. But you've only
got to follow one line at a time! Here each
part is shown by a symbol—fixed condensers
by two thick parallel lines, trimmer con-
densers by one line and a thick curved ar-
row, and variable tuning condensers by a
straight arrow through a straight and curved
line. The letter C refers to condensers that
are numbered with the parts list; and R iden-
tifies resistors, which are zigzags in the cir-
cuit. The springlike symbols are coils or
(when paired) transformers.

Those heavy ovals are tube syvmbols; in-
side, from the bottom up, are the cathode,
one or mare grids (thick dotted lines). and
the plate. But all you really nced to remem-
ber is to make the connections to the proper
pins on the sockets. Looking at the bottom
of the socket, these are always numbered
clockwise from tho little notch or key in the
center hole. Connections to the heaters,
which make the tubes glow, are separate
from other wiring, so they’re shown at the
bottom of the diagram with just the pin
numbers for cach of the tubes.

Schematics are drawn in a kind of elec-

Top of the chassis with sockets and coil cans
mounted as called for by the template, right.

tronic shorthand that vou'll pick up fast,
Mewmwhile, a pictorial dingram of the same
set may prove a help, since it suggests what
the purts look like and where to put them.
It’s at the bottom of page 39.

In buving parts, be cantious about ac-
cepting substitutions. even if a sulesman tells
vou that the exact value of a part isn’t im-
portant. Don’t use paper condensers where
mica oncs are specified, or resistors of lower
wattage rating than called for. Be sure vou
buy an oscillator coil with four leads. The
IF transformers should have trimmer con-
densers attached inside the can. 1 recom-
mend using Bukelite octal sockets having a
metal frame with ground connections next
to prongs 1 and 3, rather than the cheaper
waler sockets.

The tuning condenser is a two-gang cut-
plate type; that is, it has one 27-plate scc-
tion und one 19-plate section. 1t should
also have built-in trimmer condensers—tiny
screw-adjusted ones used in aligning later.

Either a permanent-magnet or a dynamic
speaker can be nused. The latter has an elec-
tromagnet, the field coil of which will serve
as the filter choke (L3), while with a PM
speaker vou'll need a separate choke. Some
builders use a 1,000-ohm 5-watt resistor in
place of the choke, since it costs less and
takes less space, but a choke cuts hum and
gives better tone.

While were on the subject of choices,
there’s another that you may want to con-
sider in building the set. The lower left part
of the schematic diagram shows an alter-
native to the 35Z5 rectifier tube. Selenium
rectifiers are gaining popularity as rectifier-
tube replacements becuause they give trouble-
free service, don’t have to warm up as tubes
do, and need no heater supply. Since the
heaters in this set are connected in series,
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Arrow points to the plate (blue) lead of the
oscillator coil, soldercd to pin 6 of the 12A8.

you’ll have to insert the additional resistors
R11 and R12 if you omit the rectifier tube.

And now let’s get down to building. For
a neat chassis arrangement, draw a full-size
chassis template, paste it on a flat picce of
aluminumy and punch and drill all holes. A
No. 28 drill is right to clear the 6-32 screws
used to mount all parts. Take pains in mak-
ing the holes for the tube sockets, since the
big central hole and the two mounting ones
must be in line. While the 1%” socket holes
can be cut on the drill press with a hole
cutter, a chassis punch is niuch casier. Bend
in the sides and letter on the tube numbers
for each socket. Many radio supply houses
sell prepunched chassis thatll do nicely.

Don’t mount the tuning condenser and
speaker right away, since they’re both fairly
delicate and might be damaged during
work. Inasmuch as youre using a 12A8
tube in which the signal-grid-comes out to a
cap at the top, use an antenna coil that has a
hole in the top of the shield can for this grid
lead. When installing the IF transformers,
orient them so that the plate and grid leads
are as short as possible. Follow the color
coding; the blue one goes to plate, red to
B plus, green to grid, and black to the AVC
line.

Note the four holes to be drilled through
the chassis under each IF can; they allow
the leads to be brought out singly for maxi-
mum separation, Grid and plate leads of IF
transformers must be cut as short as possible,
and kept away from each other and close to
the chassis. If they must cross, see to it that
they cross at right angles.

Construction will go most smoothly if you
complete all chassis drilling and punching
first, and have all parts at hand before you
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ROTOR PLATES
(CONNECTED
IO FRAME)

TATOR

LATES
(INSULATED
FROM FRAME)

MICA TRIMMERS

O5C. SECTION |  RF SECTION

Cut-plate, two-gang tuning condenser, showing
basic elements. Make sure yours has trimmers.

begin. Many parts can be wired before
they’re mounted on the chassis. For ex-
ample, mica condenser C7 is shunted across
the outside terminals of the volume control
(R5) before the latter is mounted. One end
of C6 is similarly attached. Making con-
nections out where you have plenty of room
renders assembly easier. Make all leads as
short as possible, and don’t be afraid to
crowd parts together.

It’s also a good plan to wire each separate
part of the circuit with different colored
wire, Circuits are commonly coded like the
IF leads—blue for plate, and so on, plus
yellow for the filament and brown for
cathode circuits. Pushbuack wire, the kind
most convenient to use, comes in these
colors. The logical wiring sequence is: heat-
ers, cathodes, screen grids, control grids and
diode plates (pins 4 and 5 of the 125Q7),
AVC leuads, and the B-plus circuits.

Note the location of the dual electrolytic
condenser C11 and C12 in the pictorial dia-
gram—as far as possible from the 35Z5 and
the 50L6 “tubes. These are the ones that
generate most heat, and heat is bad for elec-
trolytics. These condensers must be*con-
nected with the correct polarity; they’re
ruined by reversed polarity. Run the black
lead to ground and the red one to the plus
side. If the leads aren’t colored, the ground
lead comes from the end with a heavy black
line. The value of this dual electrolvtic isn’t
critical; anything from a 16-16 mid. to a
40-40 mfd. one will do. With paper con-
densers, the lead attached to the outer foil
is the one to be grounded if either one is. In
the case of the tuning condenser, it’s the
terminals of the rotor section that go to
ground. TURN TO PAGE 40.



ANT.

IFt
PLATE GRID

= C3 |
=
AN|T.| GRID CZ(RF)

115 VOLTS AC-DC=

50L6 12A8

125K7

SRAMEY o L 2w £
[ 3

S0L6-GT
93

]

Cio

SPKER

\
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LIST OF PARTS

2: two-gang. cut-plate variable con-
deunser for broadcast band and 456

/C

Cl. C7. C8: .00025-mfd. mica.

o~ 121: 50.000-ohm. This is critical. ke, IF,
= R2. R6: 15-meg.. C3: .0001-mfd. mica.
[ R3: 20.000-0hm. —weCt: 1 mid, paper.
R1: 3-meg. 4ooC3. C13: .05-mfd. paper.
|- R5: 500.000-ohm pot (with switch). ©_»€6: .002-m{d. 600-volt paper.
[~~~ R7. R8: 500.000-ohm. ~=C3. C10: .02-mfd. paper.
Peew RY: 150-0hm. C11. C12: 20-20-mfd.. 150 volt dual
R10: 30 to 50-ohm. 10-watt wire- electrolytic.
wound. C14. C15: 40-40-mnfd.. 150 volt dual
R11: 22-ohm. 10-watt wire-wound. electrolytic.
R12: 200-ohm. 10-%att wire-wound. L1: Shielded ant. coil with trans.
j- R13: 50.000-ohm. windings. Grid lead should come
Al paper cnndensers 400 valt unless oul at top of fhield can,
otherwise specified. L2: Pour-lead. 455-6 ke, osc. coil.

L3: 400-ohm. 15 to 30-henry. 75-ma.

choke coil, or 450-ohm field coil on
dynamic spkr.

1F 1, IF 2: Input and output shielded
intermediate-frequency transform-
ers for 455-6 kc.

T1: Qutput trans. to match 50L6.

S1: SPST switch on R5.

SR: 100-ma. selenium rectifier.

Speaker: 6” PM or dynamic,

Pilot light (6-8 volt., .15-amp.. No.
47) and bayonet socket; prepunched
chassis or 8%s” by 9” sheet alumi-
num; line cord; tubes; octal sock-
ets; nuts; bolts; misc. hardware.

Note: With 35Z5 rect.. omit RIIL. |
R12, C14. Cli3. si, willi sclentan
rect.. omit R10, Cl1. C12,
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causes of trouble,

Completing the Deginner’s Set

Here are further pointers on wiring,
aligning, and checking a superhet
that anyone can bhuild.

By a High-School Shop Teacher
() VCE vou get to know vour wav around
radio vou'll find that there are only two
things vou really need to complete any build-
ing project: a schematic diagram and a parts
list. Photographs, description, und pictorial
diagrams are “extras” like a radio and heater
in a car. You can ¢get where vou're going
without them. but thev sometimes make the

trip more comtortable.
Since all the essential inforination was
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given in the first part of this article last
month, yvou mayv have completed vour fve-
tube superhet. Assuming that vou have, and
that it’s working to vour complete satisfac-
tion, vou need only file this instalbnent for
future reference. Radios do break down,
and when they do it is comfortine to know
the most likely places to look for trouble.

I on the other hand vou have waited to
become thoroughly familiar with the project
betore heating up vour soldering iron, vou
may be interested in more construction tips.

Most connections in a radio circuit end up
at the tube sockets, so it scems reasonable—
for the beginimer at least—to start with the
five octal sockets and make them the leart




of the wiring schedule. It may be helpful to
indicate the manner in which connections
are made to a typical socket. Let’s take the
12A8, because it is probably the most diffi-
cult of the lot.

Remember that pin numbers are counted
clockwise from the keyway in the center
when vou are looking at the underside of
the socket. Prong 1 is a shicld pin and it
can either be left alone or grounded to a
mounting screw and used as a lug for nearby
ground leads.

Pins 2 and 7 are the filament conmections
These arc shown separatelv in the schematic
diagram, Solder a piece of vellow wire to
one of these—say pin 2—but don’t make any
connection to the other one. If vou follow
the sume system with the remaining tubos
you will simply connect the yellow lead from
pin 2 of the 125K7 to pin 7 of the 12A8
after all sockets are in place.

The oscillator coil (L2) is a rather small
unit with four lugs. Solder the plate lug
(usually indicated by a blue dot) directly to
prong 6.

The critical 50,000-ohm resistor, R1, is
connected across pins 5 and 8. Try to get a
very small resistor that will fit neatly be-
tween these pins and be entirely out of the
way, Hook it in place, but don’t flow in the
solder until you have made the remaining
connections to these pins. You can usually
get a better joint when vou avoid cluttering
it up with too much solder. In the case of
prong 8 the additional connection is only a
ground lead; pin 5 isn’t finished until you
have brought to it one end of R2 {a 15-meg.
resistor) and of C3 (a .0001-mfd. mica con-
denser). The other end of C3 can be sol-
dered to the grid (green) lug of the oscilla-
tor coil at the same time. One end of a 20,-
000-ohm resistor (R3) goes to pin 4. Hold
off the solder on this one, too, as another
connection will be made later.

All these connections can be made before
the 12A8 socket is attached to the chassis.
After the socket is in you will be able to bring
the plate (blue) lead of IF1 (the input IF
transformer) to pin 3; the B-plus (red)
wire from the sume transformer to pin 4; and
the lead from filament pin 2 of the 128K7 to
prong 7. The connection to the grid cap at
the top of the tube consists of a short jumper
from the REF section of the variable con-
denser, C2,

For all of the tubes except the 3375 recti-
fier, the filuneut connections may he re-
versed without causing any harm, But on

Tubes ure fragile, so install them only after
all the wiring is completed, The jumper lead
from the RF section of C2 must be clipped to
the grid cap of the 12A8 mixer tube.

An alignment tool should be used for adjusting
trimmers. Being nonmictallic, it can’t short B-
plus to ground. It also keeps hand capacitunce
from changing auy of the circuit constants,
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the 35Z5 it makes a great deal of difference.
If the line lead is brought to pin 7 instead of
pin 2, the No. 47 pilot light will burn out.
There will also be a voltage drop of about
85 volts duc to the resistunce of the filament.
This will be reflected in decreased B-plus
and plate voltages in other parts of the cir-
cuit. Muke absolutely certain, therefore, that
the live line lead comes to prong 2 of the
rectifier.

With pin 8 of the 12SQ7 and one leg of
the switch gronnded, the filament circuit is
complete. A break anywhere in this line will
kill the operation of the set completely.
That’s the reason servicemen ahways suspect
a tube-filament burnout first whenever au
AC-DC set fails to light up.

Using the chassis as the power-line ground
comnection has some desirable shielding ef-
fect, but it is important to note that it also
produces a “hot” chassis. Necer let the
chassis come in contact with a radiator,
water pipe, or any other metal that leads to
an earth ground, and don’t touch it yourself
when the line plug is connected. Felt or
rubber-covered bumper feet in the bottom of
the cabinet, and plastic or similar insulating
knobs on the volume-control and tuning-
condenser shafts are desirable. The .00025-
mfd, mica condenser, Cl, is inserted in the
circuit principally to guard against acci-
dental shorts through the antenna. A built-
in loop could be used instead of the an-
tenna coil, L1, In this case, simply omit Cl
and L1 and wire in the loop in place of the
antenna-coil  sccondarv—i.c., between the
points marked "C-" and "Grid.” All grounds
shown in the diagram are to the chassis it-
self. Never use an external ground.

For systematic service checking—and even
for effective building—one of the most useful
mstruments vou can have is a multitester or
AC-DC volt-ohm-milliammeter.  This will
measure the ohmic value of most of the resis-
tors and coils (depending on the meter's
range) and will enable vou to check voltages
at any point in the set.

If vou have the use of a meter, it is a good
idea to take as many readings as possible
on the individual parts before you actually
wire them into the civeuit. This can fre-
quently give vou a clue to trouble in a com-
pleted set.

In taking voltage readings it is considered
good practice to clip the negative voltmeter
terminal to the chassis or ground, then touch
the positive lead to the various tube pins.
Voltages exist at many other points, but
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Clip 1he negative prod of a voltmeter to the
chassis; touch each tube pin with the other.

what you can’t read directly by this method
vou can usually get by subtraction. For ex-
ample, if you subtract the voltage at pin 3 of
the 12A8 from that at pin 4, vou have the
voltage drop across the primary of IFT,

As an aid to ready checking, a table of
voltage readings is given on page 43, These
were taken with a 1,000-ohm-per-volt meter.
An instrument of greater or lesser sensitivity
will give different readings in many cases
because of the “loading” effect of a meter on
a circuit. Greatest accuracy is obtained with
a vacuum-tube voltineter because of its high
internal resistance. If vou have one of these
instruments you will probably be able to ob-
serve o slight negative voltage at the points
marked in the table 0.° On the low-resistance
meters used in these tests, 1o needle deflec-
tion was noted. Values shown in color on
the table represent filument voltages; when
the set is used on AC, these will have to be
read on the AC meter scale. Above the table
is a reprint of the schematic diagram with
cach voltage related to its proper pin.

Your readings may vary slightly, and if
they do, don’'t worry about it. Remember
that voltage checks are used primarily as
guides to trouble when trouble appears. To
sctamble a metaphor, the proof of the pud-
ding is in the listening. If the set sounds
good, you can forget about almost every-
thing clse. If it doesn't, or if it fails to oper-
ate entirely, an incorrect voltage may give
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Taking a reading from each of these points to
ground will show whether voltages are present

vou the clue vou need to find the trouble.

The big bugaboo in superhets—and the
thing that has made many experts feel that
the circuit is too complicated for the begin-
ner—is alignment. This consists of integrat-
ing the various circuits so that they are in
harmony with cach other, Fortunately it i<
rarely necessary to do the job entirely on
vour own. Manufacturers generally align
their IF transformers pretty well at the fac-
torv. You only have to make small adjust-
ments. Whatever vou do, don’t tamper with
the trimmers on these transformers until the
set is finished.

Auntomatic  volume  control—AVC—uses
part of the rectified signal present at the de-
tector to vary the grid bias on the 125K7
and 12A8. When a strong signal comes
through, the wmount of voltage available for
biasing goes up and this automatically de-
creases the amplification of the tube. On a
weak signal the reverse occurs. Now, for
aligning vou wiunt to know when you are
getting a station at maximum strength, and
this automatic compensation  for weak
signals would only throw you oft. The first
step, then, is to ground the AVC by running
a jumper from the black lead of the input IF
transformer to ground.

Set the manual volume control (R3) at
maximum, and tune in the strongest local
station. Working back from the output end,
and using a fiber wund or other insulated

G QD m@E i O

at the plices where they should be and whether
they are large enough to do their job properly.

TUBE PRONG
1234|5678
12A8| 0/20| 15| 17| -1 10] 21| ©
125K7| o] 21| o o°| 0|90 10| 88
1257 o] o' o0 0| 0 10]10] O
5006 | NC|78 | 85 90| O°|NC| 30| 6
3525 NC|n2 [105 | NC| 10| NC| 80 [105

For a negative reading. polarity of the volt-
meter terminals must be reversed. A vacuum-
tube voltmeter should read slightly negative at
the points marked with an asterisk (°).

screwdriver, adjust the trimmers for maxi-
mum output in the following order: the sec-
ondary of IF2, then the primary; the second-
ary of IF1, and again the primary. Now tune
in a station somewhere around 1400 ke—the
variable-condenser plates are almost fully
open at this point—and adjust the oscil-
lator section of the tuning condenser, and,
last, the RF section of C2, Bear in mind that
it is seldom necessary to make much of an
adjustment in the IF trimmers. Don't touch
them at all until you have tuned in a station.

Should the signal become quite loud dur-
ing the adjustment, it is advisable to get a
weaker station. When vou have the high end
of the band lined up, tune in a station at
the other end and make whatever slight ad-
justments may still be necessary.
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HOW TO STOP APPLIANCE STATIC

Servicing Your Radio

EW people realize how much of the static
heard on a radio receiver may come from
electric appliances in the home. Especially
noisy are the older types of appliances, for
much of the later equipment is provided
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with some sort of built-in filter. Simple
remedies can be effected by the amateur
serviceman. Those described below call for
noise filters put into the appliance circuit
itself and will prove highly efficient.

VACUUM CLEANER. Two paper tubular
condensers are required. Each is rated at
400 volts, but one should have a capacity
of .1 mfd. and the other of .01 mfd. It is
important to have these values correct both
for this and other filters. The .1-mfd. con-
denser is connected across the motor, while
the other is connected from one side of the
line cord to the metal frame of the vacuum
cleaner. Sometimes static caused by the
machine can be reduced still further by
reversing the plug in the wall socket.

ELECTRIC RAZOR. This is a noisy trouble-
maker that will interfere with reception out
of all proportion to the size of its tiny motor,
It is, however, the simplest of the appliances
to filter. Connect a 400-volt, .01-mfd. paper
tubular condenser across the cord at a point
near the A.C. motor plug, soldering one
lead of the condenser to one wire and the
other lead to the other wire, as shown in
the drawing at the left. Both the condenser
and the exposed wire can be covered with
rubber tape. So secured, the filter will not
be in the way during use.

WASHING MACHINE. Two 1-mfd. con-
densers, one ,01-mfd. condenser, and two
10-amp. fuses will filter a washing-machine
or home workshop motor. Connect the fuses
with the two 1-mfd. condensers across the
input of the motor as in the diagram. Then
connect one lead of the small condenser to a
wire put in the circuit between the 1-mfd.
condensers and ground the other lead to the
metal frame of the machine. The fuses
guard against a short circuit. This whole
setup can be mounted in a wooden box near
the motor.

NEON SIGN. Store owners and apartment
dwellers in buildings having stores on the
street floor are often troubled with static
caused by neon signs. The owner of the sign
can keep most of this static from entering
the electric lines by inserting two paper
condensers in the A.C. transformer circuit,
as shown in the diagram. A 1-mfd. con-
dJdenser is connected across the transformer,
and a .01-mfd. condenser is connected be-
tween one side of the primary and the metal
casing of the transformer, which is con-
nected to ground.



Relaxation Oscillator Makes
Portable Code Practice Set

LEARNING the dot-and-dash alphabet is
only a preliminary step in code mastery, for
the knack of fast operation really depends
upon getting acquainted with the sound of
the incoming signal. This compact practice
oscillator has the advantage of being adjust-
able through a variety of sound frequencies
and tones. The capacity of the condenser
connected in series with the headphones de-
termines the fundamental frequency of the
oscillator; if a higher pitch is wanted, it
may be necessary to use a smaller con-
denser. Some tone control can also be ob-
tained by adjusting the potentiometer. Many
types of small neon tubes will work satis-
factorily in this circuit. A miniature 90-volt
B hattery can be used safely as the current
drain is slight.—WALTER F. POWELL, JR.
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Home Test Gives Quick Check on Burned-Out Tube Filaments

BURNED-OUT tube filaments
account for a great percentage
of radio failures and are worth
looking for when a radio goes
dead. When filaments are con-
nected in parallel, allow the set
to cool, turn it on, and touch
all the tubes, If yon find one

A.C.LINE

that stays cool, you're hot.

In an A.C.-D.C,, series-wired
radio, none of the tubes will light, but an
A.C. voltmeter will point out the guilty one
when held across each pair of heater termi-
nals. The meter completes the circuit and

gives a reading of about 110 volts. If the
filament should close during the test, the
voltage will drop to its normal value for the
tube.—G. BOLTON.

High-Temperature Solder Found to Shorten Life of Fine Wire

MOLTEN solders have been found to re-
duce the diameter of copper wire and cause
some embrittlement of the parts subjected
to high temperatures. In tests conducted by
engineers of the Fairchild Camera & Instru-

ment Corp., of New York, it was shown
that destructiveness was greatest in fine
wires and increased with the tin content of
the solder. For delicate work, therefore,
solders of low melting point should be uscd.
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The history of the microphone is

closely linked to the story of broad-
casting. A series of fascinating ex-
periments will show you how radio
developed its high-fidelity ears.

By TRACY DIERS

N JUNE 19, 1878, a rouline perrorm-
ance of Donizetti's opera “Don Pas-
quale’” was given in the Swiss town

of Bellinzona. Neither the date nor the
event would be remembered had it not been
for a telegraphic engineer named Patocchi.

Patocchi installed a newly invented
Hughes microphone on the stage and sev-
eral Bell telephone receivers in another part
of the building. Thus “Don Pasquale” be-
came the first broadcast opera and Patocchi
the first studio engineer. There was no
sponsor.

Since then science has devoted much ef-
fort toward developing a microphone that
would reproduce all it heard. You can get
an idea of the difficulties if you build and
study some experimental “mikes.”

Every microphone performs one basic job
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—the conversion of sound energy into elec-
trical energy. David Edward Hughes stum-
bled on his micruphune while experimenting
with imperfect electrical contacts. You can
duplicate his experiment by hooking up
thrce large iron nails as shown in Figs. 1
and 2. Two are tacked down tight on a 14"
by 3” by 5” block of wood and hooked in
circuit. The third merely lies across the
other two. Small strips of sponge rubber
insulate the mike from the table.

When there is no sound to strike in waves,
a smooth flow of current circulates; bhut
sound waves shake the lonse nail, and thig
varies the resistance of the contacts, inter-
rupting the current flow and causing sound
in the headphones.

Low-resistance heardphones are bhest. A
long line may be uscd. Dy listening tu a




metronome, you can adjust
the cross nail until it is in
a sensitive spot and repro-

duces speech understand-
ahly.
Many unstable-contact

microphones were devel-
oped. One with a loose ¢ar-
bon rod (Fig. 3) was used
for the *“‘Don Pasquale”
broadcast. It would he use-
less in radio. One bhlast
from a syiphony orchicstra,
and you had to readjust it
to a sensitive position.

A microphone employing a huiton con-
taining carbon granules was invented by
Edison in 1376. You can make one with a
15" by 5” by 5” wood block having a hole
over which you cement a diaphragm from a
headphone or a 3” iron diaphragm no thick-
er than .006”. Have the hole 13;” in diam-
eter for a 2%” headphone diaphragm or
21, for the 3” diaphragm.

Solder No. 30 wire to the diaphragm and
solder wire to the top of a metal screw cap
from a sotvent can or ketchup hottle. Half
fill the cap. or “button,” with microphone-
carbon granules or crushed battery carbon
and cement it to the diaphragm with a paper
washer under it for insulation, as in Fig. 4.
The hookup is shown in Fig. 5.

Normally current flows smoothly through
the carbon and headphone, but the pressure
of sound waves on the diaphragm presses
and releases the granules, changing resist-
ance and the current flow to the headphone
and thus producing sound.

There are disadvantages, as you will find
if you listen to the continuous hiss of the
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granules in a quiet room. Note, too, how
they react to different letters in the alpha-
bet. Such a mike is erratic at various fre-
quencies and is hardly of high fidelity. Held
in different positions, it varies in sensitivity,
and frequently its granules pack. But in spite
of drawbacks, the carbon mike has ireached
a good stage of development in telephones,
walkie-talkies, and tank and plane radios.
The double-button carbon mike, having
buttons on opposite sides of the diaphragm,
saw us through the early days of broadcast-
ing. It was connected through a center-
tapped mput transtormer, Finally the de-
mand for a higher-fidelity mike tough
enough to stand a little manhandling re-
sulted in the condenser miicrophone. And
from it radio got its first high-fidelity ears.
You can huild a condenser mike from
scrap items. Cut a 21,” diameter hole in a
1.” hy 5" by H” piece of wood and sand one
face smooth. Cover the hole on the sanded
face with a 4” square of thin tin foil or
aluminum foil, as in Fig. 6. inserting a 6”
length of No. 30 wire under the foil for a
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connection, Cut a 215" hole in a thin sheet
of paper 5" square, lay it on the foil, and
put on top of that an absolutely flat ',” by
5” by 5" sheet of aluminum or brass in
which two or three 3,” holes have been

drilled near the center. Clamp the pieces.
as in Fig. 7, and the mike is ready for action
(Fig. 8). The wiring diagram is shown in
Fig. 9.

Since the output will be too low for head-
phones, connect the condenser mike directly
to an amplifier by means of the ungrounded
mike lead. The phonograph input of a radio
may be used if it has sufficient stages of
amplification, but a high-gain audio ampli-
fier is more satisfactory.

The required 180 volts for charging the
mike is obtained with least hum from sepa-
rate hatteries. If voltage must bhe taken
from the amplifier power supply itself, tap
the voltage divider at the 180-volt point or,
if there is no divider, tap at the filtered
high-voltage point with a resistance in series
to drop the voltage to 180. A separate small
B eliminator can also be used. The foil
diaphragm and backplate act as the plates
of a condenser. Pressure from sound waves
moves the diaphragm and changes the ca-
pacity of the condenser, producing across
the 1-megohm resistor a voltage that is fed
into the grid of the first amplifying stage.
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Condenser mikes were essential to radio
and talkies for years. Their chief disad-
vantage was the need of a small amplifier
tagging along or in the same case. Then a
fact that had been known for 100 years was
utilized to make a microphone that was
light in weight, was high in fidelity, and
could be separated from the amplifier—the
dynamic mike.

You can build a moving-coil dynamic
microphone on a !'»” by 5” by 5” block of
wood having a hole 21,” in diameter. Ce-
ment a very thin iron or mica diaphragm
over the hole, and then to the center of the
diaphragm cement a voice coil. Use a coil
from an old dynamic speaker or make one
with No. 36 enameled wire wound in one
layer for 3;” around the circumference of a
light paper form 1” in diameter. Bring out
the ends of the wire to the terminals on the
board (Fig. 10).

Use two small permanent horseshoe mag-
nets to surround the coil with a strong mag-
netic field, attaching each with a screw
passed through 1,” wood shims, as in Fig.
11, so that the magnet does not touch the
diaphragm. Opposite poles face each other
so the field flows through the coil.

An amplifier makes audible the sounds
picked up. But since the impedance (A.C.
resistance) of the voice coil is very low,



couple the mike to the amplifier through «a
matching transformer, such as a push-pull
output transformer, as shown in Fig. 12.
When sound waves strike the diaphragm,
the coil moves in the magnetic field. A tiny
voltage is thus induced in the coil and flows
into the transformer., A secoudary voltage
is induced in the other side of the trans-
former, and this enters the amplitier.

Modern dynamic mikes reproduce sounds
ranging from 35 to 10,000 cycles per second
and are still widely used.

Another type, a ribbon or velocity mike,
is operated by changes in the velocity of the
surrounding air instead of by pressure. In
contrast to the diaphragm, which tends to
resist sound waves, the ribbon is so light it
bobs up and down as the waves approach
and offers so little resistance that they pass
on unaltered.

To make a ribbon microphone, cut a 7/16”
by 43;" slot in a !,” by 3" by 9" piece of
plywood and screw a 12" hy 41,” angle iron
it each edge of the slot. The ribbon may be
very thin aluminum foil-- the thinner the
better. Cut a strip 1" wide and 5'%" in
length and corrugate it by pressing it
against a piece of corrugated cardhoard.
Then suspend it over the slot by a screw at
each end, as shown in Fig. 13. Place horse-
shoe magnets at the ends with polarities ar-
ranged for attraction. Connections to the
ribhon are made through the screws.

Hook a transformer hetween the mike and
amplitier (FFig, 14). Any transformer hav-
ing 2 ohms or less impedance on one side
and 2,000 ohms or more on the other works
well. Turn the amplifier gain up high and
test the mike. The velocity of sounds in the
vicinity starts a slight motion in the ribbhon,
and since the motion is in a strong field,
voltage is generated and current flows to
the transtormer.

Your ribbon mike will work whether you
speak in front of or behind it, but if you
move a sound producer such as a music box
or bell around it, as in Fig. 15, you will
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find spots of greater and less sensitivity.
Figure 16 shows the field of sensitivity of
a typical ribhon mike.

It you could cut off one of the loops in
Fig. 16, you would have a directional mike

that would ‘'select”™ sound from a given
area. This is done with a cardioid mike
(named for the shape of the lield, as shown
in Fig. 17) which usually combines in one
housing a ribbon mike and a dynamic mike.
the latter “phased” to cancel one loop.
Opera is broadcast by such a cardioid mike
with the live side facing the performers.

A very new addition is the crvstal mike,
depending for its operation on what is
known as the piezoelectric effect. When a
crysial held between metal plates vibrates
under slight pressure, a measurable voltage
is produced in it. You can make the ac-
tive element. a crystal sound cell.

Make a supersaturated solution by dis-
solving 6 oz. Rochelle salt in 4 oz. water
at about 200 deg. F. As the solution cools
slowly, crystals about 1,” long form. When
one resembles that in Fig. 18, remove it and
let it dry. This is your seed crystal.

Bring 16 oz. water to the boiling point.
dissolve in it as much Rochelle salt as can
be held in solution. and let it cool slowly.
being sure to keep out dust. Then hang the
seed crystal in the solution on a thread.
Growth takes place in a few hours. Remove
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the crystal when it measures about 1”7 in
any direction, and put it in alcohol for 24
hours. It your lirst attempt doesn't turn
out well. try again.

Make a sound cell by wrapping a 1,”
strip of tin foil around a perimeter of the
crystal and clamping any two opposite
surfaces between two metal plates, as in
Fig. 19; then hook the cell to the amplifier
as shown in Fig. 20. Move the crystal to a
different position in the holder if it doesn’t
show good sensitivity at first.

There are two types of crystal mikes.
In one. two small plates of Rochelle salt
are cemcented together to make g “bimorph™
unit of extreme fidelity that will respond to
from 30 to 20,000 cycles a second. The pres-
sure of sound waves causes the flat crystal
plates to generate voltage. A more popu-
lar, cheaper tvpe has a diaphragm con-
nected to a light driving rod that transmits
the pressures to the bimorph unit.

“Don Pasquale”™ is still very much alive,
but the methods of broadcasting it have
changed greatly. Instead of simple rods
delicately adjusted, we now have slick
chromium-plated cardioid mikes with direc-
tional selectivity and high fidelity. Such
innovations as frequency modulation have
put Mr. Mike on the spot. but moving coils.
vibrating ribhons, and sensitive crystals
have met the challenge.

CLAMPING
PLATES

| ROCHELLE-SALT CIIYSTAL

FOIL STiP SHIELDED CABLE

TO AMPLIFIER ‘ ‘




Wiring Puzzlers to Test

Your Electrical 1.Q.

TO MAKE a photographic dryer, Smith
used a 600-watt replacement coil sold for
use in toasters and stretched it over a
series of hooks. inside an asbestos-lined
box. But he found the wire heated to
redness, scorched the prints, and threat-

ened to burn the box itself. To halve the .

amount of heat, should he cut the resist-
ance wire in half, add a second ¢lement
in’'series, ur connect another in paraliel ?

Y2 oHMS
REQUIRED REDLS

THESE RESISTORS AVAILABLE

A RADIO engineer, needing a 1614-ohm
resistance across an amplifier transform-
er for testing purposes, found he had
nothing but four 10-ohm resistors in his
parts drawer, which therefore had to
serve. How did he connect them?
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WISHING to save wire, Jenes hooked up
two bells this way. Button a was to ring
bell 4, and bhutton b bell B. Although
pushing both buttons at once would
cause a short circuit, Jones thought this
would be of too short duration to harm
the transformer, and he expected no
trouble. He had trouble anyway. Why?

SERIES »

PARALLEL

' t

NOT having a double-pole, double-throw
switch on hand, a photographer con-
nected a S.P.S.T. switch ¢ and a S.P.D.T.
switch b as above to throw two flood
lamps from series to parallel or vice
versa. As all worked well in the positions

shown, he considered himself lucky. Why
was he even luckier than he thought?
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Filters cocraddio’s mosi

How ingenious combinations of
censors in your receiver to

1 plied, or if the wire were stretched

‘\ﬁl ‘}.‘3“ o‘}.‘?" ‘g?“' \p%' out straight: Reactance is another
¥ P o & ) matter. It increases as frequency
N A i) ) '&o . e .
10,0005 y . increases. In addition to the resist-
//\\ 55 AN ' &+ | ance of the wire, a 30-henry choke
: = i * has a reactance of about 11,300
V.4 &F
70009 74 /\ . NJ A ‘}gv ohms at 60 cycles. At 600 cycles,
- /‘ \ - N 1 A re the reactance has grown to 113,000
5,000 0. f~ \ 8 % ohms. The way in which the react-
| / . 3 > ance of a coil varies with frequency
| i /! O :
S 7 Y f. & is expressed by the formula: XL
\, /‘ \1 / =2 = f L, where XL stands for
30005 ¢ ~ N o inductive reactance, 2 = is the
[ \\\ N Qs constant 6.28, f equals frequency
2,000% |- >

SN "7% in cycles per second, and L repre-

N \ \ ¢ ) / 4 oo). : sents inductance in henries.
" \ \\ X1/ |/ N 4"6 A good capacitor, on the other
; X - /;/ N 9 hand, has infinite resistance to di-
’ / x ; kN rect current, but will pass alternat-
1,000 5 N ing current more or less readily,
1KC N2KC \BKE . 5KC \TKC “JOKC depending on frequency. Unlike
Q, 0. O the choke coil, the reactance of a
[ L NN LS capacitor goes down as the fre-
. _Q _Q_ ‘? 2 Q quency goes up. In mathematical

A reactance-frequency graph, of which this is a section, gives
direct values in ohms for any frequency up to 1,000 kilocycles.

By GEORGE O. SMITH

ILTERS are electronic circuits that have

frequency selectivity. At the will of the
designer, they can be made to pass or block
frequencies below, above, between, or around
certain specified limits. The names of the
four major types are self-explanatory; they
are low-pass, high-pass, band-pass, and
band-elimination filters. Taken together
they make possible two important things:
the first is radio reception; the second is
yood radio reception.

The ability of filters to discriminate
against certain frequencies is due to the
fact that the resistance of capacitors and
inductors to alternating-current changes
with frequency. Alternating-current resist-
ance is called reactance, and is symbolized
by the letter X. Like direct-current (or
pure) resistance, it is measured in ohms.

In the case of a choke coil laheled, say,
300 henries, 200 ohms, the 200 ohms stands
for the resistance of the wire that is wound
on the coil. This is a constant minimum,
regardless of frequency; it would still meas-
ure 200 ohms if a D. C. potential were ap-

2

terms, Xc —+— Here, Xc
stands for capacitive reactance,
and C is a measure of capacity in
farads. A .0l-microfarad capacitor
would have a reactance of about 265,000
ohms at 60 cycles, but only 26,500 ohms at
600 cycles. The total opposition that induc-
tive reactance, capacitive reactance, and re-
sistance offer to the flow of an electric
current is called impedance.

Between them, capacitors and inductors
can hold any alternating current at their
mercy. Used in various combinations
series, parallel, and series-parallel--coils
and condensers serve varied functions in
radio transmission and reception. They
polish off rectified A.C. so as to provide
a smooth D. C. power supply: in the form of
tuning circuits they enable you to select a
station at the twist of a condenser.

This article makes no attempt to deal
with all filtering actions. While filters are
integral in the basic radio circuit, they may
also he added to existing amplifiers as tone-
corrective devices. One of the simplest types
is that shown at the right. This is a form
of high-pass filter, and it operates in pre-
cisely the same way as a voltage divider,
except that the resistance of one leg auto-
matically varies with frequency. Let us
say that the components of the circuit are



important networks

resistors and condensers can be made to act as electronic

screen ovut

a 50,000-ohm resistor, and a .01-mfd. ca-
pacitor. Then at 320 cycles, Xc¢ equals 50,-
000 ohms, and the output voltage at the
tap between the two elements is one half
the input across the divider. This is just
what you'd get if both R and Xc were 50,-
000-ohm resistors. But at 640 cycles, XC
has fallen to 25,000 ohms, which gives a
voltage division of one-to-two. The output
is then two thirds of the input.

Now, if both 320 and 640-cycle signals
are put into the circuit simultaneously at
equal voltages, two thirds of the 640-cycle
signal will come through, but only half of
the 320-cycle notc. Conversely, if the 320-
cycle input were, say, 12 volts, and the 640-
cycle signal were 9 volts, both signals would
come out as 6 volts A. C.

The first effect is useful in boosting high
frequencies, while the second helps to level
off the response of an amplifier that favors
the lows. Carrying the calculation higher
and lower than the figures given will dem-
onstrate the high-pass effect of the filter.
The graph at the bottom of this page shows
Lthe output responsc of a typical high-pass,
tone-corrective filter. At 100 cycles the out-
put may be about one fourth of the input,
while at 10,000 cycles almmost the entire
voltage drop is across the resistor.

In order to design a resistor-condenser
filter to suit your own needs, you will have
to determine the reactance of any given

unwanted frequencies

or boost fading ones.

condenser within the limiting frequencies.
These values may be obtained either by cal-
culation, or through the use of a reactance-
frequency graph which can be purchased at
any drafting-supply house. The figure on
page 52 is one small segment of such a
graph, twice enlarged. To tind the react-
ance of any condenser, locate the con-
denser's capacity along the right-hand edge
of the chart. (In the section reproduced,
capacities are carried around to the bottom
of the sheet.) Follow the sloping line up
until it intersects the vertical line that rep-
resents, say, the lowest freguency you are
interested in filtering. Where these two
lines cross, read straight over to the left-
hand margin where capacitive reactance is
indicated directly in ohms.

From this chart, get the reactance of the
condenser for a number of frequencies in
the passband of your filter. Assuming a
standard load resistance, you can then fig-
ure how the voltage will divide for each
frequency, and draw a graph representing
the output of this particular fifter. Percent-
age of output is obtained by dividing the
sum of reactance and resistance into the
resistance. If the resulting curve doesn't
suit your needs, try another capacity.

In constructing a filter, remember that a
large capacitor and a large resistor give
quite different results than a small capacitor
and a small resistor. For example, a .2-mfd.

If your receiver tends to cut off or distort the high notes, this tone-corrective filter may be just what
it needs. It acts like o voltage divider in which the ratio of output to input rises with frequency.
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Tapping the output voltage off the ca-
pacitor will tend to favor the low notes.

2
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condenser and a 2-megohm resistor show
less than 1 percent response difference he-
tween 80 and 8,000 cycles, while .001 mfd.
and 20,000 ohms will cause abhout 40 percent
difference in the same range.

This type of filter may be connected he-
tween the audio stages of an average ampli-
fier as shown in the hookup schematic on
page 53. While calculated values give you
a good starting point, the tinal test of any
filter is in its effect on the entire amplifier.
Because of distributed effects, calculated
values are at hest approximate, and it may
be necessary to juggle values a little until
you get a result that is pleasing to the ear.
A voltmeter placed across the amplitier out-
put will help you to check the real effect of
a filter. Used in conjunction with an audio-
frequency generator, or a frequency-test
record, the voltmeter will show how output
voltage varies as the input frequency is
changed.

While resistor-condenser combinations
are often favored for tone correction in
audio circuits, there are times when a more
level response is desirable. Let us say, for
example, that you want to give equal em-
phasis to all notes between 10 and 1,000
cycles. The response curve shown on the
previous page would then not be satisfac-
tory. At 1,000 cycles, this filter has almost
three times the output it has at 100 cycles,
whereas the graph we now want should be
level between the two extremes of our pass-
band.

To obtain this effect it is necessary to re-
place the resistor with a choke coil, thus
giving your voltage divider two wvariable

M

Used between amplifier stages, this type of filter requires an
extra condenser-resistor arrangement in the coupling circuit.

arms instead of onc. When the reactance of
one arm increases, that of the other de-
creases correspondingly.

The use of inductance-capacity filters,
however, involves a number of other critical
considerations which are outside the scope
of this article. Getting back to our first
circuit, let's sece what happens when we
make a few changes.

Reversing the positions of the filter com-
ponents produces, reasonably enough, an
opposite effect. The illustrations above show
how this is done to produce a low-pass filter
that will attenuate the higher frequencies.
In this case the output voltage is tapped off
the variable leg of the divider. As frequency
goes up, the reactance of the capacitor de-
creases, giving a lower voltage drop for the
higher frequencies.

Using a filter of this type between ampli-
fier stages requires certain precautions that
are not needed with the high-pass unit. By
themselves, the filter components would put
part of the high plate voltage on the grid,
and the condenser would block the grid
return to ground. The schematic diagram
above shows the additional circuit elements
that must be used when this kind of low-
pass filter is inserted between stages. In
this hookup, the filtering is done hetween
the plate connection and ground, and the
grid is coupled to the filter terminal through
a condenser-resistor arrangement. This,
however, constitutes another high-pass fil-
ter: if the components of both sets were
alike, they would merely nullify each other.

To offset this possibility, the coupling
components are made large, thus reducing



their frequency selectivity. and allowing the
desired filter to do most orf the frequency
selection. The coupling condenser for this
circuit should be about .1 mfd., and the grid
resistor about 2 megohms.

Among the 'built-in” defects of many
existing amplifiers is an auditory effect
known as “loss of bass.” Most often this is
noted when the volume control is turned to
a low position. A tone-corrective filter that
often succeeds in eliminating this fault con-
sists of a tapped volume control with a con-
denser connected bhetween the tap and
ground. When the volume control is turned
down near the tap or below, the cundenser
causes it to act as a type of low-pass filter.
As volume decreases, the low notes are in-
creasingly favored, thus compensating for
the loss of bass.

To prevent overemphasis of the bass, a
limiting resistor should be used in series
with the condenser from tap to ground, as
shown at the left, below. At high frequen-
cies the capacitive reactance may drop to
just a few ohms, yet the series resistor main-
tains the total shunting effect above the
level of its own resistance. At low frequen-
cies, the higher capacitive reactance adds
its ohmage to that of the resistor, raising
the shunting effect.

In order to reverse this effect, the limit-
resistor should be connected in parallel with
the condenser, as shown at the lower right.
Below the so-called ‘‘cross-over frequency"
—that frequenry where the capacitive reac-
tance equals the pure resistance—the in-
coming signal sees mainly the pure resist-
ance shunting the line. Above this frequen-
cy, the line is shunted by the resistor and
the lowered reactance in parallel

Connected in series, the iinpedance of this
filter tends to level off to the limiting re-
sistance above the cross-over frequency,
while in the parallel hookup the total im-
pedance is level for frequencies below the
cross-over level, and the impedance drops
as the frequency rises above the critical
value.

As before, the final test of these filters is
in the listening. Using a .01-mfd. condenser
and a 30,000-ohm resistor as a starter, this
tone compensator can be adjusted to suit
your taste. Set the volume-control arm to
the point that gives the lowest ohmmeter
reading between tap and arm, and leave it
at that value while making changes.

Some increase in high-frequency response
can be obtained with this filter by connecting
a small condenser—say 50 mmf. to 250 mmf{.
—between the top of the control and the
tap. The over-all response will then be low
in the middle-frequency ranges, and have
hroad peaks at both the low and the high
ends. This type of response curve is gen-
erally considered to be the most pleasing.

The thing to remember about resistance-
capacity filters is that the use of a frequency-
selective element (the capacitor), in con-
junction with a nonselective element will
produce all manner of curves in the audio
response of an amplifier. Whether high or
low frequencies will be passed or blocked
depends upon the position of the components,
while the range of any filter is governed
by the size of the parts. Doubling or adding
tilter after filter will steepen the response
curve. In one combination or another, fil-
ters will permit you to do just about any-
thing you want with just ahout any alter-
nating-current signal.

If turning the volume control low produces o
"loss of boss'" in your receiver, inserting o con-
denser between volume-control top ond ground
moy give the foiling low notes o boost.

3%



Wireless Record Player

BROADCASTS THROUGH YOUR RADIO
By Albert W. Hellenthal

AVE you banished

your old hand-
wound phonograph to
the attic because radio
has spoiled your ear for
its tinny sound? If so,
here's your chance to
modernize the forgotten
antique, and for a few
dollars give it a tone as
good as that of ‘your
radio. Exactly the s:ame
tone, in fact, for it will play records through
your radio. From basement to attic, any
radio in the house can be tuned to pick up

records played on the unit, so the cntire

family can enjoy favorite selections even
though not gathered in one room.
The hearl of Lthe record player, a one-tube

oscillator small enough to fit into the palm /
of your hand, is actually a tiny broadcasting!

station. It emits a radio-frequency carrier
wave on which are impressed the audio fre-
gquencies comprising the recording.
Assuming that you have none of
the necessary parts in your scrap
box, total cost for the oscillator
should be about $5. Add to this
the cost of a crystal pickup -sav
another $§5 -and you're all set. If
you want to save yourself the
bother of cranking up an old spring-
wound clockwork drive, a phono
motor and turatable can be picked
up for onlv a few dollars more.

a6

Compactness and simplicity of design are
ohtained chiefly through the use of a single
multipurpose tube designed for use on 115-
volt house current. A 117N7 tube is shown
in the diagram, hut a 117L7, 117M7, or 117P7
can be used equally well with a few minor
changes in the socket connections. The
diode section of the tube rectifies A.C. into
a D.C. power supply which is filtered through
R5, R6, C7, and C8. As with any A.C.-D.C.
circuit, direct current goes through the
rectifier relatively unchanged.

Radio-frequency (R.F.) currents are set
up in the tank circuit., which consists of a
small trimmer condenser (C2), and one
winding of an adjustahle iron-core oscillator
or antenna coil (L). Some experimenting
may be necessary to find the correct connec-
tions. Varying cither the core or trimmer
or both will change the oscillator frequency.

Transferred to the secondary of the coil

_and applied to the control grid of the ampli-

fier section, this R.F. constitutes the “carrier
\ wave” of your transmitter,
Vibration in the needle of the
pickup causes a varying pressure
to be exerted on the crystal.
Through an effect known as piezo-
electricity, these mechanical vi-
brations are converted into alter-
nating voltages that vary at audin
frequencies. When this audio
signal is applied to the screen
grid, it alters the carrier wave,
and it is the modulated wave that



reaches the plate. From here the combined
wave goes directly to the antenna and out in-
to space. In principle, pretty much the same
thing takes place in a large transmitter.

Any kind of cloth-covered wire may be
used for the antenna, but it should be kept
under 5’ in length to prevent the signal from
radjating beyond the house. This is im-
portant, since regulations of the Federal
Communications Commission prohibit un-
licensed broadcasting beyond a very limited
range. To insure further against radio inter-
ference either for yourself or your immediate
neighbors, tune the oscillator to a frequency
that is not used by any local station.

The oscillator will have to be tuned ex-
perimentally. Put a record on the

While an old spring motor is perfectly
satisfactory in this unit--provided, of course,
that hoth the spring drive and speed regu-
lator are in good condition—it isn’t neces-
sary to use this type if you have or can get
an electric turntable. With the latter you
eliminate the need for hand winding, which
is a troublesome and unpopular feature of
the older phonographs. To install an electric
motor, wire it into the circuit as shown by
the dotted lines in the diagram; all the other
wiring remains the same.

Any box or cabinet will serve to house
your new record player: the tiny oscillator
requires very little space and may be
mounted in any position without affecting
its operation. If you put the player
in the original phonograph cabinet,

phonograph, turn up the volume
of both the record player (R4)
and the radio, and tune the radio
through its entire range. If the
signal is not picked up, vary the
trimmer condenser or the iron core
of the coil until it is. Now select
an unused frequency and keep ad-
justing the oscillator until the
record comes through with maxi-

it will be necessary to remove the
acoustical pickup. This will leave
a large hole which may be covered
with a piece of composition board
or plywood that becomes a mount-
ing place for the new pickup arm.

On D.C,, the unit may not work
as it is first plugged in. Take out
the power-line plug and reverse it.

mum strength just at that point
on the dial of your radio.

You may wish to mark it for fu-
ture use.

List of Parts

R41 260.000-0hm
potentiometer.

R5: 10.000 ohms. 1 watt.

R6: 1.000 ohms, 1 watt,

Cs. C9: 1 mid. L: iron-coie osc. or ant.,

coil.
cl. (x:&: 20-20 mfd.. 150 51.S2:S.P.8.T. switches.

volts. ystal pickup.
R1, R3! 65.000 ohms. gfecinc or spring-drivei
R2: 3.5 meg. turntable.

O1. 110 mm!d.

C2: Trimmer condenser.
C3: 250 mmid.

C4. C5: .05 mfd.

. T?Fﬂ.{aﬁmb




PERSONAL RADIO

WITH A BEDSIDE MANNER

By Albert W. Hellenthal

NSTEAD of thinking harsh thoughts about
members of your family who frown on
your radio listening when they want to read
or sleep, try one of these compact personal
radios that make the entertainment of the
airwaves your private business.
This set can practically be built out of the

Since the wires are stored inside the cabinet, ex-
posed parts are carefully shielded and secured.

spare-parts box, for with the exception of
the resistance in series with the heaters,
none of the specified values is critical. In se-
lecting both condensers and resistors, a tol-
erance of about 20 percent is permissible.
The set can be used on A.C. or D.C.

Lay out your parts before cutting the
chassis. The one shown here measures
112" by 312" by 4”, but some variation may

Compactness is achieved through design rather than
through the use of small parts. Note the odd sizes.

adio History|



be necessary, depending on the parts you
can obtain. One 9002 tube is used as an A.F.
amplifier; another, with its plate and grid
tied together, serves as a diode half-wave
rectifier for the power supply. The third
tube, a 9003, acts as detector and R.F. am-
plifier. Regenerative oscillation, used to get
added selectivity and gain, is controlled by
putting the volume control (R2) in the
screen-grid circuit.
With all tube heaters connected in series,
a 600-ohm voltage-dropping resistor must
be inserted in the line. Any combination of
line cords adding up to 600 ohms will serve.
One of the last steps in the wiring consists
of winding the feedback, or tickler winding.
This goes next to the grid section of a stand-
ard iron-core adjustable antenna coil. Two
to 10 turns of 30-gauge enameled or D.S.C.
wire will be needed. Turn the set on and
find the exact number of turns by experi-
menting. If no effect is noticed while mak-
ing the adjustment, try reversing the leads.
Hard composition-board sides and an
aluminum front were used for the cabinet
shown, which measures 415" by 43, " by 614 ".
To prevent the tubes from working loose in
their sockets, two 11;” wood posts were fas-
tened to the chassis. Small metal crossarms
have holes drilled to fit over the glass tips.
A 25 length of covered-wire antenna,
dropped out the window or fastened to a
bedspring, will bring in the local stations.
As the power line goes to chassis, use no
ground and keep the set away from radiators.
Although this set is designed for personal
listening, it has enough power to drive a
small speaker. Should you want to add one
to yours, follow the inset shown in the dia-
gram below. The extra parts that are need-
ed are marked “optional.”

Angle irons and small bolts hold
together a composition-board box.

List of Parts

L1, L2: Standard adjustable iron-core antenna
coil.

L3: Tickler coil.

C1: 365-mmfd. midget tuning condenser.

C2: .00025 mfd.. mica. &

C3. C6: .5 mfd.

C4: .0005 mfd., mica. &—

C5: .03 mfd, &

C7. CK: 20-20 mfd.. 150 volts, electrolytic.

C9: .05 mfd., 400 volts. ¢

R1: 2 meg., . watt.

R2: 15.000-ohm potentiometer,

R3: 50.000 ohms, !: watt.

R4: 45,000 ohms, % watt.

R5: 100,000 ohms, '4 watt,

R6: 800 ohms, 1 watt.

R7: 800 ohms. 2 watts.

R8, R%: 300-ohm line cords.

S1: S.P.8.T. switch.

82: S.P.D.T. switch (opt.).

T: 10,000-ohm midget output transformer (opt.).
2” Permanent-magnet speaker (opt.).

The extra space inside the cabinet will hold either
the line cord and coiled antenna, or a 2" speaker.

W—M_/\/\"Il'
HEATERS
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3
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PHONE AND SPEAKER HOOKUP
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T. R.F. RECEIVER HAS

Housed in a trim cabinet, the original receiver
had an extra input enabling it to be used with an
FM tuner. A tuning eye is located beside the dial

OMBINING automatic volume control

and a tuning eye with excellent fidelity,
this tuned-radio-frequency receiver will
give top-notch local reception when con-
nected to a good amplifier. It will not
tune with the critical sharpness of a super-
heterodyne, but is selective enough for all
ordinary purposes. For use with a high-
quality A.F. amplifier, or a high-tidelity
woofer-tweeter system, the T.R.F. circuit is
hard to beat. Whereas superheterodyne
receivers can be made to give high fidelity
only by elaborate and critical adjustments,

60

this T.R.F. circuit is simple enough for the
beginner to assemble.

Aside from the tuning eye, the circuit re-
quires only three tubes. It can be connected
to draw its power from the audio amplifier
used with it, or niay be built with a scpaiate
power pack. The hookup shown uses stand-
ard 6-volt tubes; if others are substituted,
condenser and resistance values may have
to be revised to suit.

A straightforward two-stage T.R.F. am-
plifler ls followed by an intinite-impedance
detector, which gives excellent quality with-
out loading the tuned circuits. The 6SF7
tube used as the second amplifier is essen-
tially a pentode identical to the 6SK7, plus
a detector diode. This diode is condenser-
coupled to the plate of the pentode section
to generate the A.V.C. voltuge. Since the
plate coil section of an R.F. transfornier is
not tuned, the diode load does not appear
on the tuned circuits.

As shown in one of the photographs, the
antenna coil, which feeds into the grid of
the 6SK?7, is across the chassis from it. The
first R.F. coil, which feeds into the 6SF7
grid, is across the chassis from this tube,
but next to the 6SK7, the plate of which
feeds into it. This is sound layout practice.
The grid of the 6SK7, as shown in the draw-
ing, is connected to the stator plates of the
tuning condenser. Gang condensers have
connecting lugs on both sides of the stator
frame, so the grid end of the antenna coil
is connected by a very short lead to the
stator lug on that side, and the 6SK7 by
another short lead to the stator lug on its
side of the chassis. The same is done with

the first R.F. coil and the
6SF7. Thus the stator plates
constitute most of the grid
leads. Because the coil as-
sociated with each plate
circuit is near the tube in-
vaolved, plate leads also can

0 S, be kept to minimum length.
- AMPLIFIER Keep all other R.F. leads

as shart as possihle and well
protected from each other
to avoid excessive feed-hack.
It's a good trick to use
bright-red hookup wire for
them, and to place the vari-
ous by-pass condensers so
that they will help block
feed-back.

FIRSY ALK COIL

Parts are laid out to minimize
R.F. feed-back. All coils are
shielded. Both plate and heater
current is drawn from the A.F.
amplifier used with this tuner
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AUTOMATIC VOLUME CONTROL.

Slight feed-back can bhe tolerated and is
even desirable. When plugged in, the sct
should be somewhat "busy’™ with no station
tuned in, since a very small feed-back tends
to greatly increase sensitivity and improve
selectivity, DBut do not expect critical tun-

ing: the circuit is intended for high-tidelity
reception, and must therefore pass the full
10,000-cvele hand width of the transmitter
with nearly unitorm response.

In selecting parts,

bhe sure to use a

matched set of antenna and RF. coils.
Otherwise a slight difference hetween them
might mean, for example, that with the
antenna circuit tuned to 1,100 ke, the first
R.F. stage might be tuned to 1,050 and the
second to 1,200 ke., even though all trim-
nrers were adjusted so that the three circuits
tune simultaneously to 1.500 kc.

A short indoor aerial will suffice for local
reception, With an outdoor aerial, selectivity
will he somewhat poorer.

A cuMMON wmedas of redacing volt